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THE  ARMOUR  ExXGINEER  extends  its 
Our  thanks  to  those  members  of  the  Alumni  body 

Contributors  who  have  contributed  to  this  issue.    AVithout 

exception,  the  articles  show  most  careful  and 
painstaking  preparation,  and  the  matter  presented  is  of  an  ex- 
ceptionally high  class.  That  this  magazine  should  have  been 
able  to  collect  these  with  so  little  effort  signities  a  highly 
gratifying  spirit  of  loyalty  to  Armour  Institute  of  Technology; 
especially  so,  when  it  is  considered  that  any  of  the  contribu- 
tions would  have  received,  undoubtedly,  a  hearty  w^elcome  at 
the  hands  of  any  of  the  standard  engineering  journals. 


Many  engineers,  especially  those  just  enter- 
The  ing  the  profession,  are  inclined  to  underes- 

Importance  of  tiniate  the  value  of  a  knowledge  of  their  ua- 
English    to  five  tongue.     As  an  illustration  of  this  atti- 

the  Engineer         tude,  a  skeptical  student  of  engineering  once 

asked' a  teacher  of  English  literature:  "  How 
will  the  study  of  Shakespeare  help  me  to  run  a  steam  engine?" 
Now  it  is  quite  prol)able  that  one  who  does  not  expect  to  get 
any  farther  than    "  running   a  steam   engine  "    will  li^t   be 
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greatly  aided  in  sueh  a  performance  by  studying  Shakespeare. 
But  the  num  who  becomes  an  engineer  in  the  broad  sense  of 
the  word  will  need  all  the  command  of  language  which  a 
stud}'  of  grammar,  rhetoric,  and  literature  can  possibly  give. 

An  engineer  must,  tirst  of  all,  be  able  to  think  clearly  and 
accurately.  The  process  is  aided  by  having  symbols  of  ideas. 
This  is  cjuite  generally  recognized  in  subjects  recpiiring  math- 
ematical treatment,  where  very  abbreviated  symbols  are  used. 
But  it  is  frequently  overlooked  that  words  are  the  most  com- 
mon sjTubols  of  ideas,  and  an  exact  knowledge  of  their  mean- 
ings is,  therefore,  a  most  useful  aid  in  accurate  thinking. 

An  engineer  must  also  be  able  to  express  ideas  clearly  and 
accurately,  as  may  be  necessary  in  giving  instructions  to  others 
or  in  preparing  a  report  upon  some  subject.  In  doing  this, 
he  must  not  only  use  Avords  in  their  proper  sense,  but  he  must 
arrange  them  in  sentences,  and  sentences  in  paragraphs,  ac- 
cording to  the  commonly  accepted  grammatical  and  rhetorical 
order.  A  study  of  these  subjects  is,  therefore,  of  fundamental 
importance.  But  supplementing  these,  there  is  nothing  that 
can  take  the  place  of  good  examples  in  illustratiug  definitions 
and  applications  of  rules,  and  it  is  here  that  the  study  of  the 
masterpieces  of  literature  has  one  of  its  greatest  uses. 

The  vocabulary  of  the  engineer  is  as  extensive  as  that  of 
other  professions.  He  may  not  talk  or  write  as  much  as  the 
lawyer,  the  minister,  or  the  author,  but  when  he  does,  his  need 
of  words  and  a  knowledge  of  how  to  put  them  together  is  as 
great  as  that  of  one  in  a  more  voluble  profession. 

E.      II.      FUEEMAX. 


The  idea  of  public  regulation  of  private  cor- 
The  Engineer  porations  has  received  considerable  impetus 
in  Business  within  recent   years  due  to   certain  notable 

disclosures  of  corporate  mismanagement. 
This,  coupled  with  the  recent  industrial  depression,  has  awak- 
ened the  public  to  an  appreciation  of  its  possibilities  in  the 
field  of  corporate  control;  and  hence  we  see  today  a  firm 
tightening  of  the  reins,  usually  manifesting  itself  by  giving 
unlimited  control  to  various  commissions  Avhose  dutv  it  shall 
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be  to  obtain  Ijcst  service  from  an  operating  company,  and  yet 
be  fair  to  the  company's  interests.  The  tendency  is  a  con- 
servative and  rational  outcome  from  the  miinicipal  ownership 
idea,  a  typical  final  scene  of  which  is  being  enacted  in  Cleve- 
land today. 

These  commissions  are  as  various  in  their  methods  of  pro- 
cedure as  in  their  effectiveness.  From  the  conservative  and 
judicial  stand  of  the  ^Massachusetts  and  New  York  State  Com- 
missions, it  is  but  a  step  to  the  annihilatory  and  slap-stick 
decisions  and  methods  of,  say,  the  Oklahoma  and  Texas  Rail- 
road Commissions.  In  addition  to  state  commissions,  we  find 
on  the  one  hand  Congress  considering  problems  of  conservation 
of  power  resources,  forest  preservation,  national  Avater  power 
policy,  internal  waterways,  etc.;  and  on  the  other,  the  city 
governments  are  undertaking  a  solution  of  broad  gauge  engi- 
neering problems  of  transportation,  lighting,  and  industrial 
development,  all  in  the  nature  of  public  control  of  private 
utilities,  or  of  public  ownership  and  private  operation.  The 
Boston  Transit  Commission,  The  Public  Service  Commission 
First  Dist.  New  York  (superseding  the  old  Eapid  Transit  Com- 
mission, and  others),  and  The  Chicago  Board  of  Supervising 
Engineers,  are  typical  of  city  commissions,  which,  though  vary- 
ing greath^  in  power,  are  fast  becoming  the  pivot  for  civic 
utility  corporation  control. 

Taking  it  all  in  all,  the  Public  Utility  Commission,  or  its 
equivalent,  has  come  to  stay ;  and  we  are  fortunate  in  pre- 
senting elsewhere  a  most  excellent  analysis  by  Mr.  H.  C.  Abell 
of  certain  problems  that  are  encountered  in  the  conduct  of 
business  of  these  commissions.  There  is  today  a  pressing  need 
of  a  solution,  or  at  least  a  uniform  working  basis,  for  each  of 
the  very  practical  cpiestions  considered  by  IMr.  Abell ;  and  on 
their  lieing  found  or  not,  largely  depends  the  working  effi- 
ciency of  these  commissions,  an  efficiency  measured  by  the 
criterion  of   "  a  square  deal  for  all." 

Although  the  administrative  and  routine  work  of  the  com- 
missions require  the  keenest  analytical  judgment,  and  an  in- 
tricate working  knowledge  of  utility  corporation  operating 
problems,  it  is  significant  that  but  a  small  percentage  of  the 
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ineml)ers  are  ^chosen  from  tlie  engineering  profession.  Thus, 
in  the  two  New  York  Commissions  we  find  of  ten  men,  but 
one  an  engineer.  To  he  sure  the  eommissious  retain  many 
prominent  engineers  in  a  consulting  capacity,  but  there  is 
strong  reason  to  believe  that  their  working  efficiency  would 
be  greatly  expedited  if  the  commissions  Avere  constituted  of 
at  least  as  many  engineers  or  former  operating  managers,  as 
of  lawyers  and  business  men. 

The  very  qtialities  that  enable  an  engineer  to  solve  a  purely 
scientific  problem  with  accuracy  and  dispatch,  are  remarkably 
eifective  when  applied  to  an  administrative  problem  of  cor- 
porate operation  or  management.  To  illustrate  this  point,  we 
cite  an  actual  in.stance  occurring  durincr  the  conduct  of  busi- 
ness of  a  certain  noteworthy  public  utility  engineering  com- 
mission. A  running  comparison  was  desired  between  various 
operating  constants  (energy  per  car  mile,  length  average  pas- 
senger trip,  schedule  speed,  etc.),  for  each  month  from  the 
beginning  of  an  extensive  rehabilitation  program  up  to  the 
present  time.  These  were  desired  for  comj)arison  with  similar 
items  obtained  in  another  city.  The  Auditing  Department 
advised  that  the  figures  were  not  available,  and  an  engineer 
was  sent  in  to  dig  out  the  information.  In  a  "very  short  time, 
the  results  were  plotted  in  graphical  form  on  curve  sheets-, 
and  incidentally  many  desirable  operating  improvements  were 
made  manifest.  AVhen  these  curves  were  brought  to  the  atten- 
tion of  the  Auditing  Department  and  business  men  of  the  com- 
mission, the  reply  was  that  it  might  be  true  but  tliat  the  curves 
did  not  mean  anything  to  them.  That  is  to  say.  the  ability 
to  quickly  grasp  an  operating  problem;  or  rather,  to  realize 
the  problem  and  its  necessity  for  solution,  was  witli  the  engi- 
neer, and  not  with  the  auditor,  or  lawyer. 

"What  may  therefore  be  called  the  new  engineering,  is  the 
application  of  the  principles  which  formerly  the  engineer  em- 
ployed in  specialized  research,  to  those  bigger  problems,  here- 
tofore considered  the  special  province  of  the  lawyer,  banker, 
or  ])usiness  man.  By  so  doing,  the  engineer  immediately  takes 
his  position  on  the  soeial  scale  commensurate  with  his  exten- 
sive preparation  and  i)eculiar  ability.     An  incidental,  tliough 
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very  gratifying  outcome  from  this  development,  is  th'at  it  can 
no  longer  be  said,  as  was  the  case  ten  years  ago:  "  I  can 
hire  the  best  engineer  in  the  country  for  $3,000  per  year." 


During  the  last  few  years  manj-  new  ideas 
New  Ideas  have  been  put  into  execution  on  the  education 

of  Chemical  of  Chemical  Engineers,    ^\e  believe  that  Ar- 

Engineering  mour  Institute  of  Technology  is  among  the 

leaders  of  this  new  movement,  and  that  its 
graduates  are  being  fitted  to  take  responsible  positions  in  in- 
dustrial plants  immediately  after  graduation. 

A  few  years  ago.  the  graduates  in  chemistry  from  most 
schools  were  Chemists  instead  of  Chemical  Engineers.  They 
had  to  spend  from  two  to  three  years  after  graduation  in 
industrial  work  before  they  were  well  enough  acquainted  with 
actual  practice  to  be  efficient  in  first  class  positions. 

Today  the  practice  here  is  to  give  men  the  actual  work 
in  the  laboratory,  a  complete  plant  for  the  manufacture  of 
which  comes  up  in  operating  plants.  For  instance  there  is, 
sugar  from  the  sugar  beet.  Thus  the  actual  operation  of  diffu- 
sion, carbonatation.  filtering,  bleaching,  and  boiling  down  the 
juices  in  vacuo  are  carried  out.  The  crystals  are  built  up  in 
the  vacuum  pan,  and  the  strike  ceutrifuged  in  the  ordinary 
way.  The  beets  used  are  dried  and  ground  by  a  special  proc- 
ess, so  that  the  plant  may  be  operated  any  time  during  the 
year.  The  dilficulties  which  may  be  encountered  in  ordinary 
practice  are  studied  c-losely.  and  considerable  data  obtained 
on  the  best  methods  for  sugar  houses. 

There  is  also  a  complete  set  of  apparatus  for  the  destruc- 
tive distillation  of  wood  and  peat.  Methyl  alcohol,  charcoal, 
and  the  other  by-products  are  obtained,  and  the  best  methods 
of  analysis  of  still  liquors,  etc..  are  studied.  This  is  practice 
rarely  obtained  in  ordinary  chemical  courses. 

Tests  are  being  run  on  the  foundry  cupola.  Complete 
heat  equations  are  obtained  for  ordinary  cupola  practice,  and 
from  them,  theoretical  charges  are  calculated  and  run.  The 
success  met  with  has  well  paid  for  the  labor  of  the  tests,  and 
further  researches  are  being  carried  on.  This  is  very  new  work 
and  is  of  great  advantage  to  the  students. 


6  THE    AK.MOT'K    ENOINEEU  |V.)1.   1,  Xu.  J 

Besides  the  actual  industries  studied,  industrial  researches 
such  as  the  tixation  of  uitrttg'cn  from  the  air.  iho  utilization 
of  garbage  and  sewage,  electro-chemical  iiulustries  and  many 
others  are  l)eing  carried  on.  Apparatus  is  provided  for  almost 
any  such  research  that  the  student  may  wish  to  carry  out. 

The  students  here  have  also  the  advantage  of  the  great 
industries  of  Chicago.  The  largest  and  best  plants  of  each 
industry  are  visited  during  the  year.  Besides  watching  the 
actual  operation  the  men  have  to  collect  data  from  practice 
and  write  a  detailed  description  of  each  plant.  This  gives 
them  much  valuable  information  which  could  not  be  obtained 
in  the  laboratory.  The  result  of  this  training  is  that  our  grad- 
uates are  ready  to  take  responsible  positions  at  once,  and  not 
only  carry  out  the  work  necessary,  Init  have  such  a  complete 
knowledge  of  the  best  practice,  that  they  are  ready  with  sug- 
gestions to  overcome  the  dc^ficiencies  and  losses  so  common  in 
all  industrial  plants. 


There  is  no  doubt  that  the  organization  of 
Technical  courses  in  modern  American  technical  schools 

Education  has    been    developed     with     a    thoroughness 

which  admits  of  but  slight  improvement,  and 
that  the  engineering  colleges  of  today  are  remarkably  effi- 
cient, all  things  considered. 

A  difficulty  most  apparent  to  all  close  observers  of  tech- 
nical student  life  is  that  caused  by  lack  of  personal  system 
and  method  on  the  part  of  the  student,  by  virtue  of  which 
much  time  is  spent  on  unproductive  study,  energies  though 
well  intentioned,  are  misdirected  and  the  net  result  of  a  long 
period  at  school  is  small  compared  with  what  might  have  been 
the  case  had  the  student  attained  an  early  clear  idea  of  his 
own  relations  to  his  school  and  profession ;  a  knowledge  of 
what  to  remember  and  what  to  leave;  an  early  adaptation  to 
the  technical  magazine,  card  index,  and  loose  leaf  habits;  a 
tendency  to  cviltivate  acquaintance  with  engineers;  to  take 
summer  .jobs  on  engineering  work  rather  than  in  some  unre- 
lated activity.  In  a  Avord,  to  be  "  on  the  firing  line  "  instead 
of  considering  himself  as  one  apart  from  his  profession  until 
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graduation.  Too  often  do  we  hear  the  statement  from  a  stu- 
dent that  he  is  just  beginning  as  a  Senior  to  clearly  under- 
stand his  Junior  work,  etc.;  that  he  is  just  beginning  to  "  get 
the  drift  "  on  things  which  should  be  old  stories.  Also  we 
continually  hear  from  the  Alumnus  how  differently  he  would 
do  it  if  he  could  be  a  student  once  more.  The  fault  is  not  with 
courses  but  with  the  inability  of  the  student  to  quickly  find 
himself. 

After  these  considerations  are  clearly  brought  home  to 
the  student,  and  he  has  attained  a  certain  facility  in  practic- 
ing them,  it  is  remarkable  how  rapid  his  progress  becomes. 
A  long  period  of  apparent  mediocrity,  which  may  even  extend 
years  after  graduation,  is  suddenly  changed  to  one  of  quickly 
increasing  al)ilities  and  attainments.  It  is  at  this  rising  bend 
of  the  curve  that  the  Alumnus  tells  how  he  would  do  it  again 
at  school,  or  if  the  student  is  so  fortunate  as  to  attain  this 
point  while  at  school,  he  remarks  to  what  better  advantage 
his  time  might  have  been  put  while  a  Sophomore  or  Freshman. 
Very  often  we  experience  the  case  of  a  mediocre  student  mak- 
ing the  best  ultimate  success,  due  entirely  to  latent  possibili- 
ties rendered  unavailable  while  at  school  from  a  mistaken  idea 
as  to  the  necessity  for  their  exercise. 

On  this  account  we  desire  to  question  the  policy  of 
technical  schools  of  weeding  out  members  of  Freshman  and 
Sophomore  classes  on  a  scholarship  basis.  Too  often  do  we 
see  the  live  young  man.  usually  with  money  and  an  hereditary 
tendency  to  good  living  and  physical  well  being,  expelled  from 
school  because  he  cannot  or  will  not  learn  Calculus  or  Physics. 
These  men  ultimately  find  themselves  in  other  lines  of  endea- 
vor and  reach  the  highest  plane  of  success.  It  is  undeniable 
that  many  excellent  men  have  been  lost  to  the  engineering 
profession  on  this  account,  and  in  their  place  we  have  the 
residue  who  were  good  students  during  the  weeding  out  pe- 
riod; but  many  of  whom  as  men  and  potential  engineers  are 
not  to  be  compared  with  the  good"  fellows  who  leave  college 
when  Sophomores  or  Freshmen. 

This  is  to  our  mind  the  most  glaring  fault  of  the  present 
svstem  of  technical  education.    It  is  an  outcome  of  a  tendencv 
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for  iustriictors  to  make  imich  of  the  ])right  student,  and  to 
depress  the  poor  one;  largely  to  gratify  liis  own  craving  for 
quick  response  to  his  teaching.  The  poor  student  becomes 
aware  that  he  is  not  Avanted,  or  feels  that  he  can  never  master 
"  this  truck,"  and  voluntarily  leaves,  or  is  requested  to  do 
so  on  account  of  poor  marks.  This  requires  urgent  remedy, 
since  in  a  great  number  of  cases  the  facts  are  that  the  so-called 
poor  student  is  potentially  the  best  man  in  liis  class.  An  un- 
selfish. Avell  balanced,  broad  minded  teacher  with  an  accurate 
knowledge  of  the  value  of  his  own  course  to  the  completed 
whole,  will  do  much  to  correct  the  condition  stated ;  but  it 
seems  to  be  the  case  in  technical  schools  that  the  experienced 
instructors  are  reserved  for  upper  classmen,  and  new  instruct- 
ors of  untried,  or  second-class,  ability  are  allowed  to  determine 
the  makeup  of  future  Junior  and  Senior  classes. 

It  is  only  necessary  to  glance  impartially  at  the  personnel 
of  the  Junior  and  Senior  classes  at  various  engineering  schools 
to  realize  that  many  mistakes  have  lieen  made.  That  is  to  say, 
a  delay  of  the  waking-up  process  in  a  man  beyond  his  Sopho- 
more year  is  made  into  a  handicap  affecting  his  entire  future; 
and  in  many  cases  reacting  on  the  profession  of  engineering 
detrimentally,  by  shunting  good  men  into  other  lines  of  activ- 
ity. That  such  a  condition  should  be  allowed  to  exist  is  unfair 
to  the  student,  to  the  upper  class  professors,  and  to  the  pro- 
fession of  engineering.  ■ 


It  has  come  to  our  notice  that  an  exceedingly 
Proposed  important  change  in  a  great  industry  is  being 

Improvement  developed  by  the  aid  of  research  carried  on 
in  the  Sugar  in  the  laboratories  of  the  Armour  Institute 
Industry  of  Technology.     The  industry  affected  is  the 

sugar  industry,  and  the  change  consists  in  a 
probable  decrease  in  the  cost  of  manufacture.  The  work  is 
not  yet  in  complete  form  and  will  probably  appear  in  detail 
in  a  later  issue.  AYe  consider,  however,  that  it  will  be  one  of 
the  greatest  industrial  reforms  ever  effected  by  such  an  insti- 
tution as  this.  The  essential  changes  consist  in  drying  the 
«u<rnr-bearing  mat(.'ria]  and  thus  giving  refineries  a  chance  to 
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work  the  entire  year;  also  in  saving  valuable  by-products 
which  now  go  to  waste.  The  result  is  a  considerable  saving  in 
the  cost  of  producing  sugar. 

It  is  an  interesting  to  note  that  the  by-product  from  sugar 
is  a  fine  paper  stock,  easily  convertible  into  the  best  quality 
of  magazine  paper.  With  the  present  stir  about  the  conser- 
vation of  our  natural  resources,  such  a  saving  would  confer 
a  great  benefit,  not  only  upon  the  sugar  industry,  but  also  on 
the  country  in  helping  to  have  our  forests.  It  has  been  esti- 
mated that  one  Sunday  edition  of  the  Chicago  Tribune  uses 
the  paper  made  from  ten  acres  of  spruce.  If  the  newspapers 
and  magazines  can  be  printed  on  paper  from  an  annual  plant 
like  sugar  cane,  instead  of  wood  pulp,  it  would  mean  a  saving 
to  us  of  thousands  of  acres  of  forest  each  year. 

This  problem  has  been  with  us  a  long  time  without  being 
solved ;  and  if  Armour  Institute  of  Technology  proves  the 
means  of  helping  us  to  a  quick  solution,  which  seems  very  prob- 
able, we  believe  that  a  very  large  and  long  feather  has  been 
added  to  a  cap,  already  well  plumed. 


Whenever  a  new  device  is  introduced  having 
Forced  for  its  purpose  one  specific  object,  it  is  often 

Ventilation  found  that  the  combination  of  this  wnth  other 

and  Interpoles      unrelated    devices    will    make    possible    still 

more  remarkable  results.  Such  is  the  case 
with  the  combination  of  forced  ventilation  and  interpoles  in 
the  direct  current  series  railway  motor. 

The  interpole.  originally  designed  to  aid  commutation  and 
thus  reduce  maintenance  charges,  has  succeeded  so  well  as 
to  have  practically  eliminated  commutation  as  an  output  lim- 
itation on  the  motor.  Those  remaining  are  limitations  of  me- 
chanical strength  and  allowable  temperature  rise.  Certain 
tests  conducted  by  the  Public  Service  Corporation  of  New  Jer- 
sey, and  others,  some  years  ago  have  shown  it  possible  to  de- 
crease by  one-half  the  temperature  rise  of  a  standard  non- 
interpole  motor,  by  the  expedient  of  forced  ventilation.  Up 
to  the  present  time  the  converse  of  this  proposition — namely: 
doubling  the  output  from  a  motor  of  given  frame  size  by  forced 
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ventilation  lias  not  been  possible.  The  reason  for  this  is  two- 
fold. During  the  aeeelerating  period,  at  which  time  the  motor 
current  has  high  value,  the  output  cannot  be  increased  since 
commutator  sparking  is  prohibitive.  Again,  the  output  for 
contiinious  operation  cannot  be  doubled,  since  the  design  of 
a  motor  with  a  speed  curve  permitting  efficient  operation  at 
this  doubled  output  is  ditficult.  The  reason  for  this  is  also  to 
be  ultimately  found  in  commutation  limits  of  design. 

Hence  before  the  advent  of  the  interpole,  forced  ventila- 
tion was  only  effective  in  reducing  temperature  of  Avindings. 
without  permitting  the  motors  to  be  operated  at  such  an  in- 
crease of  momentary  or  continuous  output,  that  the  number 
of-  motors  per  car  could  l)e  decreased,  or  a  sufficiently  smaller 
frame  size  be  used  to  allow  much  saving  in  first  cost  of  equip- 
ment. For  this  reason,  the  proposition  of  forced  ventilation 
never  has  appealed  to  the  railway  manager. 

At  the  present  time,  however,  it  is  entirely  possible  to 
construct  a  motor  with  interpoles  and  forced  ventilation  that 
will  have  nearly  double  the  specific  output  of  a  standard  non- 
interpole  motor.  This  assumes  equal  temperature  rise  in  each 
case.  This  statement  has  been  borne  out  by  actual  tests  on 
such  a  motor;  and  there  is  every  reason  to  believe  it  to  be  a 
future  standard  method  of  operation,  for  the  larger  size  motors 
at  least.  For  instance  it  is  entirely  possible  to  take,  say,  a 
standard  75  horse  power  600  volt  railway  motor,  provide  it 
with  interpoles ;  and  rewind,  so  that  its  speed  curve  will  closely 
approximate  that  of  a  150  horse  power  motor.  If,  now,  this 
motor  be  equipped  with  forced  draft  appliances,  it  will  dupli- 
cate in  every  respect  the  performance  of  a  150  horse  power 
motor  of  present  standard  design,  both  as  regards  continuous 
and  momentary  outputs.  That  is,  we  can  substitute  for  a  four 
motor  equipment  of  75  horse  power  motors,  which  is  a  typical 
interurban  equipment,  two  of  these  forced  ventilated  motors; 
and  the  car  performance  will  be  identical  in  every  respect, 
provided  slipping  point  of  the  wheels  is  not  reached  by  this 
doul)ling  of  concentration  of  power  per  axle. 

Tlie  economics  of  the  problem  stand  in  tabulated  form 
somewhat  as  follows,  for  this  particular  case: 
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First  Cost  of  Electrical  Equipment  per  Car 
Four  motor  equipment — 

■i    75  H.  P.  motors  and  control $4,400 

Two  motor  equipment — 

2     Interpole  motors  wound  with  150  II.  P.  charac- 
teristics,  and   control .$2,600 

Forced  ventilating  hlower  and  ducts 200 


Total :..  ..$2,800 

Annual  Charges  per  Car. 
Four  motor  equipment — 

12%  Interest,  depreciation,  and  taxes  on  $4,400.  .  .  .$    528 
Power  for  traction,  30  ton  car,  55,000  car  miles  per 
year,   100  watt  hrs.  per  ton  mile,  2  cents  per 
K.  AV.  hr .3..300 


Total $3,828 

Two  motor  ecpiipment — 

12%  on  $2,800   $    336 

Power  for  traction,  same  basis  except  26yi  ton  car 
(saving  on  motors  of  7.400  lbs.  plus  ventilating 

set,  400  lbs.) 2.920 

Powder  for  Ventilating  set,  1 :5  K.  AV.  for  2,800  hrs.  .        84 

Total $3,330 

That  is,  a  saving  of  $500  per  car  per  amnnn.  This  does 
not  include  that  due  to  possible  saving  in  cost  of  trucks,  or 
in  lower  maintenance  cost  p^r  car. 


DIFFICULT  PROBLEMS  WHICH  PUBLIC  UTILITY  COM- 
MISSIONS ARE  ENDEAVORING  TO  SOLVE. 

By  H.  C.  ABELL.* 

First:  The  Total  Value  of  a  Property;  which  includes  the 
I)hysical  or  tangible  value,  as  well  as  the  so-called  intangible 
value. 

Second:  The  Proper  Rate  of  Return  on  that  Valuation,  so 
that  cai)italists  can  be  induced  to  invest  in  a  more  or  less  haz- 
ardous business  instead  of  real  estate,  mortgages,  etc. 

Third:  The  equitable  method  of  charging  the  users  of  the 
commodity  and  establishing  standards — whether  it  be  for  a 
cubic  foot  of  gas,  a  kilowatt  of  electricity,  a  gallon  of  water, 
a  telephone  call,  or  a  car  ride,  so  that  each  user  pays  to  the 
Public  Utility  for  service  rendered  an  amount  which  shall  bear 
a  proper  relation  to  the  cost  which  he  occasions  the  utility. 

Fourth:  Some  method  of  increasing  the  rate  of  return  to 
the  Pulilic  Utility  on  its  valuation  in  some  proportion  to  the 
decreased  cost  to  the  public,  as  an  incentive  to  the  Utility 
to  develop  its  business  and  decrease  its  cost  per  unit,  and  there- 
by decrease  its  selling  cost  to  the  public. 

It  appears  at  first  glance  that  these  problems  should  not 
l)e  ditftcult  of  solution,  but  an  analysis  soon  develops  the  per- 
plexing and  trying  difficulties. 

FIRST  PROBLEM 

Total  Valuations;  which  may  l)e  divided  into  physical  and 
so-called  intangible  valuations. 

Physical  Valuation:  Engineers  can  estimate,  at  prevail- 
ing prices,  what  it  costs  to  replace  a  certain  piece  of  apparatus, 
or  a  collection  of  pieces  concentrated  on  one  portion  of  ground 
or  under  one  roof,  which  may  be  called  the  plant  or  poAver 
house,  but  thej-  cannot,  with  the  same  accuracy,  estimate 

(a)  "What  has  been  the  average  price  paid  since  the  utility 
first  commenced  serving  the  public,  including  the  increased  cost 
of  new  apparatus  installed  when  just  developed,  over  the  later 
prices  after  the  apparatus  becomes  standard  and  patents  have 
expired : 

(b)  What  will  be  and  what  has  been  the  cost  of  necessary 
changes,  due  to  the  ill  fitting  together  of  these  parts; 

(c)  What  will  be  the  changes  in  the  art  during  construc- 
tion, necessitating  changes  in  plans  and  construction; 

(d)  AVhat  tlie  increased  cost  will  be,  due  to  climatic  or 
labor  conditions; 

*Class  lSt)7.      Chief  Eiiu;iiiocr,  Aiiiericau   Light  &  Tractiou  Co.      40  Wall  Street, 
New   York   City. 
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(e)  The  kind  of  soil  and  quantity  of  water  to  be  encount- 
ered in  all  excavations; 

(f)  The  cost  of  accidents,  employers'  liability,  public  lia- 
bility, tire,  wind,  water,  etc..  breakage  of  machinery,  temporary 
work,  such  as  coffer  dams  being  washed  out  during  construc- 
tion, and  yarious  other  items ; 

(g)  The  increased  cost  of  construction  during  operation, 
due  to  idle  labor  waiting  for  an  opportunity  to  work,  and  to 
temporary  work  installed  (in  order  to  avoid  interruptions  to 
service)   which  is  removed  after  permanent  work  is  finished ; 

(h)  The  increased  operating  expenses,  which  are  unavoid- 
able due  to  construction  work  going  on ; 

(i)  The  length  of  time  necessary  to  construct  a  plant, 
which  would  affect  interest  while  building,  taxes  during  con- 
struction, engineering,  etc.; 

(j)  The  cost  of  obtaining  all  the  actual  necessary  money 
to  build  the  plant,  and  to  put  it  on  a  self-sustaining  basis: 

(k)  The  uuforseen  litigation,  injunctions,  etc..  which  fre- 
quently increase  enormously  the  original  estimated  cost ; 

(1)    The  cost  of  the  corporate  organization  of  the  company ; 

(m)  What  the  actual  cost  will  be  over  the  estimated  cost 
— due  to  increased  cost  of  material  and  labor  since  estimates 
were  made,  and  to  ommissions.  etc. ; 

(n)  The  necessity  of  laying  out  works,  purchasing  prop- 
erty, erecting  buildings,  etc..  in  order  to  provide  for  future 
extensions — at  a  minimum  cost  for  the  future ; 

(o)  The  present  value  of  the  plant,  after  depreciating 
the  various  items  to  allow  for  obsolescence,  inadequacy  and  de- 
cay, and  the  enhanced  value,  which  will  be  considered  under 
intangible  valuation. 

Intangible  Valuation:  It  is  also  impossil)le  for  engineers 
to  estimate,  with  accuracy  the  intangible  valuation,  which  in- 
volves a  consideration  of 

(a)  The  expense  of  obtaining  a  proper  and  efficient  operat- 
ing organization; 

(b)  The  expense  of  maintaining  an  operating  organization 
to  develop  business  and  to  popularize  the  utility  and  the  use 
of  its  product  during  the  construction  period,  so  that  the  plant 
can  commence  operating  with  the  greatest  possible  revenue- 

(c)  The  cost  of  advertising — including  newspapers,  post- 
ers, periodicals,  personal  solicitation  and  practical  demonstra- 
tions of  various  kinds ; 

(d)The  cost  of  appliances  which  are  given  away,  or  loss 
on  their  sale  which  includes  free  installation; 
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(e)  The  loss  due  to  operation  until  the  utility  is  on  a 
paying  basis ; 

(f)  The  loss  in  interest  and  profits  on  tlie  investment,  from 
tlie  first  operating  period  to  a  time  when  expenses  and  interest 
are  earned ; 

(g)  The  enhanced  value  of  the  utility  due  to  the  increased 
value  of  its  real  estate,  location  of  plant,  accessibility  of  water, 
railroad  facilities  and  sewerage,  location  of  pipes,  conduits,  etc. 
in  the  streets — the  latter  costing  much  less  for  installation, 
special  fittings,  moving  of  manholes,  etc..  when  no  obstructions 
are  met.  to  the  extent  that  these  items  are  not  given  full  con- 
sideration in  making  the  physical  valuation ; 

(h)  The  enhanced  or  decreased  value — due  to  the  utility 
Avhile  operating  having  assisted  and  participated  in  the  loss 
or  development  of  the  town  or  city.  The  utility  having  been 
an  active  participator  in  the  development  of  the  city,  must  be 
entitled  to  at  least  the  same  recognition  as  any  active  merchant 
or  banker,  whose  business,  as  a  going  concern,  is  worth  some- 
thing; and  the  utility  is  entitled  to  even  more  consideration, 
since  it  cannot  pick  up  its  pipes,  conduits,  and  plant  and  move 
to  another  city.  The  inactive  land  owner  is  much  better  off 
than  the  utility  in  that  although  he  takes  the  same  chances  in 
the  development  of  the  city,  he  takes  no  other  chances  and  as- 
sumes no  responsibility;  whereas,  the  utility  has  actively  as- 
sisted in  all  developments,  taking  the  many  chances  of  loss  t» 
which  only  a  utility  is  heir,  including  the  risks  involved  in 
the  work  of  construction,  development,  and  financiering; 

(i)  The  loss  in  the  change  of  apparatus,  due  to  obsoles- 
cence or  inadequacy,  which  could  not  be  charged  as  an  operat- 
ing expense  and  still  maintain  rates  which  would  hold  the 
customers  and  permit  the  financing  of  the  company  for  neces- 
sary changes  and  extensions.  One  of  the  many  examples  was 
the  changing  of  monocyclic  generators  which  had  been  installed 
but  a  short  time.  An  example,  with  which  the  writer  is  famili- 
ar, is  the  difference  between  the  purchase  price  and  the  price 
obtained  after  abandonment  (a  change  having  been  essential), 
which  amounted  to  a  depreciation  of  forty  per  cent  per  annum. 
The  utility  company  could  not  possibly  maintain  its  rates  and 
finance  this  change  due  to  evolution  and  development,  any  more 
than  could  a  manufacturing  concern  (which  had  experienced 
the  same  rapid  change  in  the  art.  as  had  many  utility  com- 
panies), if  it  were  not  permitted  to  add  a  chargje  for  the  cost 
of  experiment  and  development  to  the  sale  price  of  its  com- 
modity. In  the  case  of  the  utility,  it  is  the  development  of  the 
art  for  more  efficient  and  reliable  service  in  competition  with 
other  sources  of  supplying  heat,  light,  etc. ; 
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(j)  The  expenditures  in  replacing  the  appliances  free  of 
cost  to  the  consumers,  due  to  a  change  in  the  art.  An  example 
would  be :  a  change  of  motors  from  DC.  to  AC.  system,  from  one 
cycle  to  anotlier,  and  that  of  operating  voltage,  necessitating 
the  change  of  all  lamps  and  appliances.  All  utility  companies 
have  experienced  this  expense,  though  it  does  not  show  in  a 
replacement  inventory. 

The  Tentative  Method,  now  used  hy  one  of  the  Commissions 
to  arrive  at  reproduction  and  present  physical  values,  is  as 
follows : 

Reproduction  Value:  Five  year  averages  are  obtained 
from  the  various  units  Avhich  go  to  make  up  a  whole ;  then  the 
freight,  estimated  cost  of  installation  and  handling  are  added. 
To  the  sum  of  these  items,  which  are  supposed  to  make  a  com- 
pleted whole,  is  added  a  percentage  for  engineering,  interest 
while  building,  and  incidentals.  To  the  above  two  items  is 
added  the  stock,  (coal,  appliances,  etc.  on  hand),  and  to  tliis, 
the  cost  of  paving,  making  a  grand  total  for  replacement.  The 
following  is  a  summary : 

Reproduction     Present 

1.  Land    —  — 

2.  Distribution   System    —  — 

3.  Power  Plant  Equipment —  — 

4.  Buildings    —  — 

5.  Office  Furniture.  Appliances.  ...  —  — 

6.  Tools,  Implements  &  ^Machinery.  —  —    . 

7.  Horses,  Wagons  &  ^Miscellaneous  —  — 

8.  Total  Items  1  to  7 —  — 

8.  Add   — %    for   Engineering    Su- 

pervision. Interest  during 
Construction  and  Contin- 
gencies       —  — 

Total  1  to  8 —  — 

9.  Stores  and   Sui)plies —  — ■ 

10.  Paving    —  — 

Total  Items  1  to  10 —  — 

Present  Value:  The  present  value  is  arrived  at  as  follows: 
By  consultation,  discussion,  and  investigation,  a  tentative  life 
of  each  unit  is  taken;  tlien  the  juidv  value  is  ascertained  from 
values  of  old  copper,  ii-oii,  etc.;  l)y  deducting  the  junk  value 
from  the  rei^roduction  value,  the  depreciating  value  of  the  unit 
is  obtained.  The  present  value,  if  in  first  class  operating  con- 
dition, is  obtained  bv  taking  the  age  of  the  unit  and  deducting 
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the  amount  which  woiikl  liavc  accumulated  in  a  reserve  tuna 
had  au  amount  been  set  aside  each  year,  bearing  a  certain  per 
cent  interest,  which  AvoukI,  at  the  end  of  its  life,  have  equaled 
the  total  depreciating  value ;  its  junk  value  is  then  added.  If 
in  fair  operating  condition,  ten  per  cent  is  deducted  from  the 
present  depreciating  value  and.  if  operating.  Init  in  poor  con- 
dition, twenty  per  cent  is  deducted  from  its  present  depreciat- 
ing vahu> ;  to  either  of  the  above  values  would  be  added  the 
junk  value..  To  illustrate  this  method  of  arriving  at  present 
value,  we  may  assume  that  the  reserve  fund  is  to  be  set  aside 
at  four  per  cent  compound  interest ;  that  the  cost  of  the  unit  is 
$1200  new;  that  the  tentative  average  life  is  twenty  years; 
and  that  the  junk  value  is  $200.  and  that  we  wish  to  determine 
the  value  at  the  end  of  ten  years ;  first,  when  in  first-class  con- 
dition; second,  when  in  fair  condition;  and  third,  when  operat- 
ing but  in  poor  condition.  Deducting  $200  junk  value  leaves 
$1000  as  the  cost  of  the  depreciable  portion  of  the  unit  new. 
The  amount  to  be  set  aside  each  year  at  four  per  cent,  com- 
pound interest,  to  ecpial  $1000  at  the  end  of  twenty  years. 
would  be  $33.58.  The  amount  set  aside  each  year  for  ten  years, 
together  with  its  accumulated  interest.  Avould  l)e  $403. 

Deducting  $403  from  $1000  leaves  $597.  to  which  must  be 
added  the  junk  value,  $200.  making  a  present  value  of  the  unit, 
if  in  good  operating  condition  of  $797 ;  if  in  fair  operating 
condition,  ten  per  cent  is  deducted  from  $597.  making  the  total 
present  value  $737.30;  if  operating  but  in  poor  condition,  twen- 
ty per  cent  is  deducted  from  $597.  making  the  present  value 
$677.60. 

^Minimum  service  vfducs  are  allowed  for  the  various  units 
which  from  point  of  age.  might  make  the  value  of  the  unit 
ecpiivalent  to  junk  only,  though  it  would  l)e  in  useful  operation. 
For  instance,  electric  meters,  which  are  subject  to  state  or 
municipal  inspection,  or  both,  and  have  to  be  kept  in  a  certain 
state  of  repair  at  all  times,  are  allowed  a  minimum  service 
value  of  80  per  cent  of  the  reproduction  cost ;  whereas,  with  a 
steam  engine  that  has  been  in  service  a  number  of  years  but 
which  may  be  in  a  good  state  of  repair  though  not  having  the 
same  efficiency  as  a  more  modern  engin(\  or  sufficiently  good 
to  l)e  put  in  a  newly  built  plant,  only  25  per  cent  of  its  re- 
production value  is  alloAved. 

There  is  a  great  diversity  of  opinion  among  engineers  as  to 
tlic  ai)proximate  correctness  of  the  above  method  of  arriving  at 
present  value. 

Some  engineers  claim  that  each  unit  sliould  l)e  gone  over, 
first  obtaining  its  rei)ro(luction  value,  and  then  depreciating 
it  in  i)r(jportion  to  the  cost  of  making  the  unit  practically  new. 
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Other  engineers  think  that  in  addition  to  the  above,  a 
further  amount  should  be  (U-ducted  for  depreciation  in  propor- 
tion to  the  change  in  the  art. 

Still  others  think  that  the  present  value  of  a  plant  should 
be  estimated  on  a  basis  relative  to  most  modern  apparatus. 
As  an  example:  Suppose  it  is  the  desire  to  obtain  the  value 
of  a  water  power  plant  of  1000  K.W.  capacity,  with  a  load 
factor  of  40  per  cent.  A  figure  would  first  be  obtained  for 
the  most  economical  steam  plant  of  this  capacity,  which,  for 
illustrative  purposes,  we  will  asssume  to  cost  $100,000.  Fur- 
ther assuming  that  the  cost  per  K.W.  hour  is  one  cent,  not 
including  interest,  and  that  the  water  poAver  plant  can  develop 
current  at  5-1  Oc  per  K.W.  hour  on  the  same  basis  as  that 
taken  for  steam,  then  the  saving  per  K.W.  hour,  by  using  the 
water  power  plant,  would  be  5-lOc,  or  on  a  40  per  cent  load 
factor  (3,504,000  K.W.  hours  per  year),  the  saving  would  be 
$17,530.  This  sum  capitalized  at  ten  per  cent  (the  allowable 
rate  of  return  on  the  investment)  would  make  the  value  of 
the  water  power  $175,200  more  than  that  of  the  steam,  or  give 
the  water  power  a  total  value  of  $275,000.  The  depreciation  is 
assumed  to  be  included  in  the  operating  expenses. 

All  the  above  methods  are  influenced  by  the  personal 
ecj^uation. 

SECOND  PROBLEM 

Rate  of  return  on  the  valuation:  Before  taking  up  the 
rate  of  return,  I  Avill  refer  to  the  depreciation  and  the 
amount  to  be  set  aside  therefor.  The.  line  of  demarca- 
tion betAveen  depreciation  and  maintenance  is  difficult  to 
folloAv.  Some  engineers  and  managers  think  that  main- 
tenance and  depreciation  should  all  be  an  operating  expense, 
as  it  is  essential  to  keep  a  plant  up  to  a  certain  point  of  repair 
at  all  times.  They  think'  Avhen  a  piece  of  apparatus  is  re- 
placed, the  difference  betAveen  the  amount  received  for  it,  either 
as  junk  or  an  old  piece  of  apparatus,  and  the  cost  of  the  ap- 
paratus replacing  it,  should  be  charged  to  plant  account.  Others 
think  the  difference  between  the  actual  cost  of  the  old  ap- 
paratus and  the  ncAv  should  be  charged  to  the  plant  account, 
and  that  the  cost  of  the  old  apparatus  should  be  charged  off 
to  an  operating  maintenance  account.  They  also  think  that  the 
utility  enhances  in  value  as  the  city  develops  in  a  larger  pro- 
portion than  the  depreciation  occurs. 

Others  think  that  an  amount  should  be  set  aside  each  year 
sufficient  to  cover  the  depreciation  according  to  assumed  lives. 
For  instance,  to  take  the  example  of  $1200  previously  men- 
tioned, $50.00  Avould  l)e  set  aside  each  year  for  tAventy  years, 
if  the  apparatus  should  last  that  long. 
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There  are  also  various  opinions  as  to  how  the  fund  shouhl 
he  treated  and  financed. 

The  Commission,  previously  referred  to,  when  obtaining 
present  values,  used  four  per  cent  compound  interest  curve, 
knowing  that  the  apparatus  had  actually  reached  its  present 
life.  As  to  the  future,  however,  it  is  difficult  to  prognosticate 
what  these  lives  will  be;  in  fact,  we  are  certain  that  a  por- 
tion of  the  plant  will  not  reach  the  estimated  lives  of  its  several 
parts,  and  that  a  portion  may  be  in  useful  operation  long  after 
it  has  from  point  of  age  reached  the  junk  value.  It  would  seem 
that  an  amount  should  be  allowed  that  would  cover  the  proba- 
ble depreciation  with  reference  to  any  specific  financing  of  the 
fund,  and  the  amount  be  changed,  either  reduced  or  increased, 
as  necessity  requires  and  actual  experience  teaches. 

If  an  amount  be  set  aside  each  year  to  cover  the  probable 
depreciation,  some  properties  would  soon  be  in  the  hands  of 
a  receiver,  as  they  would  be  unable  to  meet  necessary  obli- 
gations. Commissions  will  have  to  use  their  judgments  in 
this  matter. 

The  rate  of  return  has  to  be  large  enough  to  induce  men 
of  money  to  invest  in  a  more  or  less  hazardous  luidertaking.  The 
investment  is  certain  to  increase  continually  as  the  city  de- 
velops. 

The  utility  is  subject  to  all  the  various  municipal  and  state 
laws  which  may  be  passed  and  enforced,  l)ut  unlike  a  life  in- 
surance company  or  other  concern,  it  is  not  able  to  move  away 
and  still  collect  premiums-  from  the  residents  of  the  state  or 
municipality,  or  take  all  of  its  property  with  it. 

Nearly  every  utility  has  strong  competition,  necessitating 
continuous  changes.  In  fact,  the  competition  with  itself,  in 
many  instances,  is  very  detrimental  to  returns  on  the  invest- 
ment. For  instance,  more  efficient  appliances  are  frequently 
brought  out,  using  only  40  or  50  per  cent  of  the  commodity 
formerly  used  with  old  appliances.  As  the  utility  still  has- 
its  investment,  capacity  and  practically  the  same  consumers' 
expense,  it  must  devise  methods  and  means  for  increasing  the 
use  to  its  present  consumers,  increasing  their  standard  of  il- 
lumination, etc.  It  is  not  prolialile  that  this  can  ])e  done,  es- 
pecially to  this  large  extent.  To  increase  sales  with  additional 
consumers  can  be  accomplished  (uily  with  additional  invest- 
ment. The  solution  of  this  problem  rciiuircs  the  most  serious 
thought  and  liest  management. 

It  is  almost  unnecessar}'  to  make  an\-  mention  of  the 
changes  which  entail  vei-v  heavy  depreciation  and  enormously 
increased  expenditures,  without  any  increase  in  earnings  such 
as  art.  municipal   regulations,  liability  to  accident,   increased 
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cost  of  material  from  ^vliich  the  prcxluet  is  manufaetured,  in- 
creased cost  of  labor,  the  necessity  of  continuous  operation 
during  the  light  as  well  as  heavy  demands,  strikes,  changes 
of  plant,  etc.,  when  all  other  manufacturing  concerns  can  shut 
down. 

A  public  utility  is  a  barometer  of  the  condition  of  business. 
When  factories  shut  down,  the  street  railway  patronage  im- 
mediately falls  off,  light  and  fuel  bills  are  decreased,  all  of 
which  means  a  cut  from  the  net  profits  of  the  utility,  as  its 
fixed  expenses  are  practically  the  same. 

THIRD  PROBLEM 

Establishing  standards  of  service  which  will  be  fair  to  both 
the  consumer  and  the  utility,  and  whiah  will  be  paid  for  by  the 
consumer  in  proper  relation  to  the  cost  which  he  occasions, 
and  at  the  same  time  allow  the  utility  to  compete  with  the  vari- 
ous other  forms  of  light,  heat,  travel,  etc.,  is  a  problem  of 
large  and  wondrous  dimensions. 

In  order  to  arrive  at  any  solution,  it  is  necessary  to  con- 
sult the  manufacturer  of  apparatus  and  appliances,  the  operat- 
or of  the  utility,  and  the  user  of  the  utility's  product.  The 
opinions  and  claimed  experiences  of  persons  under  each  head 
vary  greatly ;  but  still  more  diversified  are  those  of  the  manu- 
facturer, operator  and  user.  By  a  study  of  the  opinions,  ex- 
periences and  rules  already  in  force  in  various  places,  it  is 
possible  to  arrive  at  some  tentative  rules,  regulations  and 
specifications  of  quality,  pressure,  accuracy  of  measurement, 
etc.^  As  it  is  the  duty  of  a  Commission  to  study  the  various 
variables  which  enter  into  the  cost  of  a  product,  and  endeavor 
to  arrive  at  a  saleable  and  purchasable  mean,  they  have  to 
ascertain  the  quality  which  should  be  supplied,  which  neces- 
sitates a  knowledge  of  the  material  from  which  it  is  manu- 
factured. For  example,  the  coal  available  for  gas  manufacture 
may  have  a  high  percentage  of  sulphur,  and  in  order  to  pro- 
duce a  gas  which  Avould  compare  in  the  amount  of  sulphur 
present  to  another  gas  from  other  coal,  which  might  be  very 
high  priced  but  low  in  sulphur,  would  so  increase  the  cos't. 
of  gas  that  it  would  be  out  of  proportion  for  the  results  ac- 
complished. 

The  relation  between  candle  power  and  calorific  value 
varies  with  the  diff'erent  manufactured  gases.  For  instance, 
to  obtain  the  same  calorific  and  candle  power  values  with 
coal  gas  as  is  ol)tained  with  Avater  gas,  might  mean  an  in- 
creased cost  wholly  out  of  proportion  to  the  results  obtained. 

An  allowal)le  variation  of  gas  pressure  of  a  fixed  number 
of  inches  of  water,  whether  the  pressure  is  high  or  low,  might 
work  a  hardship  on  either  the  utility  or  the  customer.     By  a 
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study  of  the  appliance  and  the  application  of  the  law  of  the 
flow  of  gas  through  an  orifice  it  is  possible  to  arrive  at  a  mean 
which  is  fair.  As  an  example:  a  rule  not  allowing  over  V/i 
inches  of  water  differential  pressure  on  any  consumer's  premis- 
es would  be  an  exceedingly  close  regulation  and  commercially 
impossible  for  a  total  city  distribution  system  though  it  is  pos- 
sible that  such  a  regulation  might,  if  the  matter  were  not 
thoroughly  understood.  l)e  inaugurated. 

As  the  flow  of  gas  through  an  orifice  is  as  the  square  root 
of  the  differential  pressure,  therefore  increasing  the  pressure 
from  lYz  in.  of  water  to  3  in.  of  water  would  increase  the  flow 
40.6  per  cent  while  increasing  from  3  in.  to  6  in.  would  in- 
crease the  flow  only  41.6  per  cent,  or  hardly  more  than  from  Ij/^ 
in.  to  3  in.  Practically  all  appliances  are  built  to  take  care 
of  this  variation  of  100  per  cent,  especially  the  Bunsen  or 
induced  air  draft  mixer.    Take  the  formula 

>^Mv2=>^M'(v')2 

V  being  the  velocity  of  the  gas  leaving  the  nozzle  of  the  inductor, 
v^  being  the  velocity  of  the  air  and  gas  together  after  mix- 
ture. If  v^  remains  constant,  and  v,  the  nozzle  pressure,  varies, 
then  with  about  40  per  cent  increase  in  velocity,  theoretically, 
about  200  per  cent  more  air  will  be  drawn  in,  so,  allowing  for 
mechanical  loss  in  efficiency  of  apparatus,  enough  air  would 
be  brought  in  to  make  the  proper  combustible  mixture.  A 
differential  pressure  of  l^A  in.  between  initial  and  final  pres- 
sure Avould  pass  52,000  cu.  ft.  of  gas  through  a  mile  of  pipe, 
with  an  investment  of  $15,840.  while  a  3  in.  differential  pres- 
sure would  pass  73.000  cu.  ft.  of  gas,  or  40  per  cent  more, 
through  the  same  mile  of  pipe. 

From  the  above  it  can  be  seen  that  a  rule  specifying  a 
certain  differential  pressure  as  1^2  in.  would  mean  a  greatl}'' 
increased  investment  and  not  help  the  consumer  much  more 
than  the  100  per  cent  allowable  variation  in  pres.sure  from 
a  minimum  which  is  allowed  by  one  commission. 

Even  the  latter'  allowance,  if  strictly  followed  in  every 
case  and  for  all  hours  of  the  day,  might  work  a  hardship  on  the 
customer  and  the  utility  by  necessitating  the  payment  of  in- 
terest on  a  heavy  investment  for  a  very  short  period  of  use. 

It  can  be  seen  that  the  establishing  of  standards  and  forc- 
ing the  utility  to  comply  with  them  in  every  particular,  is  a 
problem  for  engineer,  financier  and  economist. 

Ecjuitable  charging  Avould  have  to  be  ])ased  on  the  cost 
of  the  consumer  to  the  utility,  in  order  that  each  consumer 
might   bear  his  proper  proportion   of  the   expense  which   he 
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occasions.  As  an  example :  a  large  store  may  have  a  demand 
of  400-16  candle  power  lights  and  only  use  them  on  an  average 
of  one  hour  per  day;  whereas,  a  small  concern  may  have  a 
demand  of  only  20-16  candle  power  lights  and  use  them  twentv- 
four  hours  per  day;each  would  consume  the  same  amount  of 
current ;  each  consumer 's  expense  would  be  approximatelv  the 
same ;  the  output  expense  for  current  consumed  would  be  ap- 
proximately the  same ;  but  the  capacity  of  the  generating  plant 
equipment,  lines,  transformers,  etc.,  would  be  twenty  times 
more  for  the  large  store  than  the  required  capacitv 'for  the 
smaller  concern.  It  is,  therefore,  necessary  to  subdivide  the 
expense  in  order  to  ascertain  what  the  expense  of  an  additional 
con.sumer  will  be,  what  the  fixed  expense  will  be  per  unit  of 
capacity  demanded,  and  the  cost  of  the  commoditv  per  unit 
sold. 

There  are  some  expenses  which  are  common  onlv  to  the 
eonsiuuers,  such  as  reading  meters,  delivering  and  collecting 
bills;  others,  proportionate  only  to  output,  such  as  coal  car°- 
bonized  for  gas  manufacturing;  and  still  other  expenses  pro- 
portionate to  output  and  capacity,  such  as  steam.  A  part  of 
the  steam  is  used  to  operate  exhausters.  Avhich  take  gas  from 
the  hydraulic  main.  The  amount  of  work  perforuied  is  in 
proportion  to  the  gas  made ;  whereas,  the  amount  of  steam  used 
for  heating  the  buildings  and  keeping  the  holder  cups  from 
freezing  in  the  winter,  is  not  in  any  way  influenced  by  the 
amount  of  gas  manufactured  by  that  capacity  of  plant.  To  go 
into  the  several  items  of  expense  and  endeavor  to  arrive  at  a 
correct  subdivision  would  take  considerable  space.  As  an  illus- 
tration, I  will  touch  on  one  or  two  items: 

The  steam  account  for  electric  generation  is  very  difficult 
of  analysis  between  fixed  and  output  expense.  If  engines  were 
operated  continuously  at  the  most  economical  load,  the  cost  per 
unit  generated  would  be  less  than  at  variable  loads,  which 
actually  occur  in  an  electric  plant.  Boilers  are  frequently 
banked,  and  all  the  fuel  used  for  banking  fires  or  starting  up  a 
boiler  each  day  for  peak  loads  is  probablv  a  capacity  expense. 
Engine  and  dynamo  labor,  and  frequently  boiler  room  labor, 
Avould  be  no  greater  if  all  the  engines  were  running  continu- 
ously at  100  per  cent  load  factor.  It  can  be  very  plainly  seen 
that  as  the  load  factor  increases,  the  operating'  expenses  are 
decreased  per  unit  of  electricity  sold. 

In  order  to  approximate  a  correct  proportion  to  be  charged 
to  capacity,  it  would  be  necessary  to  assume  for  a  basis,  some 
ideal  load  factor. 

There  is  a  great  diversity  of  opinion  regarding  the  division 
of  General  Expense  which  usually  includes  executive  salaries 
general  office  expense,  general  office  clerical  salaries,  office  rent' 
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l(\iral  oxjionso  and  an  incidental  <r('n('ral  cxixmisc.  like  the  pnb- 
lishiiifr  of  annual  reports.  st<i<-kli(>ldt'i-s"  niectinfrs,  etc  Sonic 
accountants  call  this  a  contril)utar.\  m-  oxcrhcad  expense  and 
divide  it  in  proportion  to  th(^  sum  ol'  iiuiinifncturing,  distribu- 
tion and  collection  expenses  wliicli  ;ire  sulxlix  ided  into  capacity, 
consumers  and  output. 

The  interest  on  the  investment  is  fre(iuently  sul)di\ide(l 
in  the  same  proportion  lietween  the  capacity,  consumers  and 
output,  as  the  example  of  the  general  expense  just  given. 

A  tentative  summary  of  the  division  of  Yearly  Expenses 
for  a  Oas  Plant  are  given  below: 

Capackity.  Consumer.  Output. 

:\ranuf acture   $  2.288.65     i|^ .1<38,839.()0 

Distribution    7,531.70  ]2.J)29.y2  1,917.00 

Collection    230.66  3,775.35       


(^pei-atiiiiT  l->xpense.  except 

General  p]xpense .^^10.051. 10  ^16.705.27  .^40.756.00 

General  Expense   2.156.74  3.504.57  3,626.08 

Depreciation   8.405.00  1,845.00  2,000.00 

Rate  of  Keturn    7,460.00  12.500.60  30.445.22 


•1^28,072.93     $34,645.53     $81,828.20 

$1.27  per  meter.  $8»45  j)er  consumer,  78c  per  ^I  for  gas. 
22,000  Meter  light  capacity  connected,  6  cu.  ft.  per  light. 
4.100  Consumers. 
105,000,000  cu.  ft.  of  Gas  Annual  Sales. 

From  the  foi'cgoing  figures  the  tixed  chai'ge  for  tlie  \'arious 
Connected  capacities  would  l)e  as  follows: 

5  Light  ]\reter  per  Year $  14.80 

10  Light  :\reter  per  Year '21.15 

20  Light  :\reter  per  Year 33.85 

30  Light  :\leter  per  Year 46.55 

[5  Tjiglit  ]\reter  per  Year ()5.60 

60  Light  :Nreter  per  Year 84.65 

100  Light  :\reter  i)er  Year 135.45 

Besides  the  above  fixed  expenses  the  coiisumci's  should 
|)ay  78c  per  thousand  cubic  feet  for  gas 

A  complete  analysis  ol'  llic  consumei-s'  a('Counts  should 
now  ])e  made,  tofrether  with  Ihrir  connecled  capacities  for  de- 
(iiaiid;  then,  by  1al\ing  the  maximum  I'ate  per  unit  for  the 
commodity  at  tliat  1i)iic  in  I'oi'ce.  and  applyini;'  the  following 
e(|uation  : 

A  +  Bx  =  Cx 
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it  is  possible  to  see  how  many  of  the  customers  shonkT  have 
their  bills  raised  or  lowered. 

A^Yearly  charge  on  the  connected  load  or  demand. 
B^Output  cost  of  gas. 

C^Maximiim  rate  per  ]\I.  cu.  ft.  then  in  force. 
x=Xumber  of  en.  ft.  of  gas  used  per  year. 

Example:  Assnme  a  five  light  meter  was  installed  and  that 
the  maximum  rate  for  gas  was  $1.25  per  ^I.  cu.  ft.  How 
many  cubic  feet  per  year  would  a  consumer  have  to  use 
in  order  to  pay  the  companj^  all  expense  which  he  occa- 
sions it,  together  with  a  proper  rate  of  return  on  the  in- 
vestment, when  the  capacity  expense  is  $6.35,  consumer's 
expense  $8.-45,  and  output  price  of  gas  78c  per  'M.  cubic 
feet?  '  , 

A— $6. 35 +  $8. 45  =  $14.  SO 

B— 78c. 

C— $1.25. 
Sl4.80  +  .78x  =  Sl.25x 
x  =  31,500  cu.  ft.  per  year 

By  the  foregoing  method  it  is  found  that  80%  of  the  total 
consumers  had  not  been  paying  the  amount  which  they  should. 

The  difficulty  of  obtaining  and  installing  rates  which  are 
fair  and  ecpiitable  and  at  the  same  time  sufficiently  satisfac- 
tory to  the  prospective  customer  who  is  not  now,  but  after  a 
proper  introduction  to  the  use  of  the  commodity,  may  become 
a  very  profitable  consumer,  is  obvious.  There  are  many  rates 
in  use  and  it  devolves  on  a  Commission  to  study  them  all,  to- 
gether with  an  analysis  of  costs,  and  endeavor  to  arrive  at 
something  which  will  be  the  most  equitable  for  all  concerned, — 
a  task  which  is  more  than  arduous. 

FOURTH  PROBLEM 

To  increase  the  rate  of  return  to  the  public  utility  in  some 
proportion  to  the  decreased  cost  to  the  public. 

There  are  several  methods  now  used,  or  proposed,  to  ac- 
complish the  above  results,  based  on  the  "  London  Sliding 
Scale,"  or  some  modification  of  it. 

The  first  part  of  the  problem  is  to  set  the  initial  price, 
which,  of  necessity,  has  to  be  fair,  whether  it  be  a  maximum 
or  average  price  per  unit  for  all  the  commodity  sold.  After 
solving  problems  two  and  three,  the  price  will  be  fairly  well 
determined  for  an  established  concern.  To  obtain  this  price 
requires  study  and  investigation,  and  a  thorough  knowledge 
of  all  the  factors  for  each  specific  case.    The  cost  of  material 
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from  "which  the  product  is  produced  varies,  as  do  practically 
all  the  factors  which  go  to  make  up  the  cost.  Tlie  price  has 
to  he  sufficient  to  take  care  of  any  normal  fluctuation,  without 
working  detrimentally  to  either  the  customer  or  to  the  utility. 
Whenever  any  ahnormal  variation  in  the  price  of  material, 
etc.,  occurs,  it  has  to  he  taken  care  of  hy  some  other  means. 
Sometimes  a  certain  per  cent  is  set  aside  in  a  reserve  fund  until 
it  reaches  a  certain  amount — a  percentage  of  the  investment, 
gross  earnings  or  some  such  hasis.  This  fund  is  kept  to  take 
care  of  variations  in  price  of  manufacturing  material,  de- 
creased earnings  in  had  years,  etc. 

A  solution  of  Prohlem  No.  2  will  give  the  initial  percent- 
age to  be  allowed  as  a  rate  of  return  on  the  investment,  after 
which  the  ratio  of  increased  allowable  net  earnings  to  de- 
crease in  price,  will  have  to  be  determined. 

As  the  price  is  decreased  it  becomes  more  and  more  diffi- 
cult to  make  further  reductions,  hence  a  Commission  has  to 
determine  whether  these  increased  premiums  to  the  utility 
should  be  on  a  differential  scale  to  stimulate  greater  effort  on 
the  part  of  the  utility  to  improve  the  physical  and  financial 
service  to  the  public,  or  whether  some  permanent  arrangement 
should  be  enforced  allowing  a  utility  a  fixed  per  cent  increased 
net  earnings,  with  a  specific  decrease  per  unit  of  the  com- 
modity sold. 

Whatever  method  of  increasing  the  rate  of  return  is  used, 
it  will  have  to  include  the  consideration  of  the  availability 
of  service,  extensions  in  new  districts,  etc. 


I  have  suggested  but  four  general  problems.  As  has  been 
seen,  each  of  these  involve  many  intricate  and  diflficult  ques- 
tions which  will  undoubtedly  require  many  years  of  study  and 
labor  to  properly  solve. 


PERSONAL  SYSTEM  AND  THE  CONSTRUCTING 

ENGINEER. 

By  R.  M.  HENDERSON.* 

Among  the  net  results  of  a  technical  education  should  be 
found  an  ability  to  clearly  diagnose  the  conditions  of  a  given 
problem,  and  the  further  ability  to  constantly  follow  a  clearly 
defined  plan  in  completing  its  solution. 

A  technical  man.  therefore,  in  attacking  an  actual  prob- 
lem such  as  building  a  power  plant  or  a  large  industrial  plant 
would  naturally  be  expected  to  give  some  evidence  of  his  supe- 
rior training  in  his  methods  of  conducting  the  work. 

During  my  experience  as  a  constructing  engineer  in  active 
charge  of  such  undertakings,  I  have  been  impressed  by  the 
number  of  men  in  positions  of  responsibility  who  were  work- 
ing, not  only  without  having  a  comprehensive  grasp  of  con- 
ditions, but  also  without  formulating  a  complete  plan  of  oper- 
ations. This  is  a  weakness  which  at  once  stamps  a  man  as 
an  ineificient  executive,  whose  results  should  be  carefully 
watched,  for  one  can  hardly  expect  a  man  to  give  a  satisfac- 
tory solution-  of  a  problem  whose  conditions  he  is  unable  to 
state. 

There  is  nothing  mysterious  about  the  trouble  which  these 
men  seem  to  have,  neither  is  it  necessarily  insurmountable. 
The  root  of  it  lies  in  a  failure  to  apply  to  every-day  work  the 
principles  taught  in  class  room  and  laboratory.  Few  men  in- 
deed make  the  most  of  undergradviate  lessons,  and  as  a  rule 
it  is  a  considerable  time  after  graduation  before  the  average 
man  gets  down  to  business  in  an  efficient  manner. 

There  are  three  questions  which  at  first  thought  must  ap- 
pear quite  simple,  for  many  men  slide  over  them  without 
appreciating  their  real  significance ;  and  yet,  men  to  fill  posi- 
tions of  responsibility  would  be  even  more  scarce  than  they 
are  now  if  all  applicants  were  truthfully  to  ansAver  them.  The}' 
are: 

1.  When  attacking  a  new  problem  do  you  make  it  a  rule 
to  form  a  comprehensive  idea  of  what  you  are  setting  out 
to  do,  before  beginning  work,  or  do  you  commence  work 
blindly,  like  one  in  a  maze  who  hopes  to  stumble  upon  the 
right  way  out? 

2.  Have  you  any  personal  system  by  which  you  promptly 
obtain  this  perspective   or  bird's-eye  view  of  your  problem, 
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and  by  which  you  supplement  this  general  view  with  a  closer, 
more  intimate  knowledge  as  rapidly  as  conditions  will  permit? 

3.  Do  you  carry  this  system  through  consistentlj*  to  the 
end,  so  that  at  all  times  you  have  an  accurate  conception  of 
the  governing  conditions  of  j^our  work? 

Personal  system  is  a  first  aid  to  executive  ability;  and  if 
you  do  not  consciously  or  unconsciously  folloAV  some  such  sys- 
tem, you  have  missed  the  essence  of  all  technical  training  and 
will  be  condemned  to  a  life  in  positions  of  minor  responsibility. 

This  may  seem  so  self-evident  as  to  render  extended  dis- 
cussion unwarranted,,  but  it  is  noteworthy  that  in  many  fac- 
tories, engineer's,  contractor's  and  business  offices  will  be 
found  methods  and  forms  for  enabling  and  compelling  men 
to  be  systematic.  The  methods  vary  widely  in  detail  but  they 
all  have  the  same  common  purpose.  This  is  sufficient  proof 
that  the  average  man  is  deficient  in  this  direction. 

Instances  of  deficiency  in  personal  system  are  most  fre- 
quently encountered  by  the  supervising  officer  who  makes  oc- 
casional unheralded  trips  of  inspection  to  distant  jobs.  The 
Superintendent  of  Construction  who  lacks  system,  may  have 
honestly  devoted  all  his  energy  to  the  work  but  he  has  not 
''  crammed  "  for  this  unexpected  examination  and  he  ac- 
cordingly attempts  to  magnify  his  superficial  knowledge  of  the 
job  as  a  whole,  so  as  to  conceal  his  ignorance  of  its  essential 
details.  Questions  as  to  the  condition  or  cost  of  some  partic- 
ular part  of  the  work  or  as  to  the  date  on  which  some  other 
part  will  be  started,  or  finished,  frequently  elicit  only  a  call 
for  an  assistant,  who  supplies  the  information  which  the  su- 
perintendent himself  should  have. 

What  I  have  to  say,  then,  hinges  on  these  injunctions : 
Know  your  situation ;  know  what  you  are  trying  to  do ;  clearly 
and  definitely  map  out  your  work  so  that  you  know  all  the 
simple  elements  of  your  problem  which,  as  a  whole,  may  be 
quite  complex. 

Make  no  actual  move  until  you  have  worked  out  as  com- 
plete a  plan  of  operations  as  the  available  information  will 
admit,  and  you  understand  the  inter-dependence  of  the  various 
steps  you  must  take,  and  you  know  what  external  conditions 
can  affect  you  and  how. 

Devise  methods  of  knowing  at  all  times  the  condition  of 
every  sub-division  of  every  part  of  your  work.  You  should 
be  able,  every  hour  of  the  day,  to  give  a  clear  and  compre- 
hensive answer  to  the  question:  "What  is  the  situation?" 
for  in  no  other  wmv  can  vou  ])e  its  master. 
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Nowhere  is  the  need  of  this  sort  of  practice  more  apparent 
than  in  the  work  of  a  construction  engineering  company  which 
sets  practically  no  limits  on  the  location  or  scope  of  its  opera- 
tions. Power  stations  in  Massachusetts  and  Florida,  an  office 
building  in  Washington,  a  hydro-electric  development  in  j\lon- 
tana.  electric  railway  construction  in  Michigan  and  Texas,  and 
a  gas  plant  in  Louisiana,  are  among  the  score  or  more  of  varied 
contracts  which  may  be  under  way  simultaneously.  Each  has 
its  field  organization,  which  mobilizes  almost  over  night,  does 
its  work  in  a  few  weeks  or  months,  and  scatters  again  to 
the  four  winds — all  except  a  handful.  The  superintendent  and 
a  few  men  he  has  found  worth  carrying,  go  to  the  next  .job, 
a  thousand  miles  away,  to  form  the  nucleus  of  another  small 
army  which  may  need  to  be  in  smooth  working  order  in  less 
than  a  week. 

Through  the  courtesy  and  liberal  policy  of  a  corporation 
of  this  character  with  Avhich  I  am  associated,  I  am  permitted 
to  describe  some  of  the  methods  and  to  reproduce  some  of  the 
forms  which  have  a  direct  bearing  on  the  personal  system  of 
its  field  men.  The  efficiency  of  its  scattered  construction  or- 
ganizations has  been  greatly  improved  by  living  up  to  the  re- 
quirements of  these  and  other  forms  which,  in  a  definite  man- 
ner, provide  the  superintendent  with  needed  information  at 
the  very  beginning  of  a  job,  as  well  as  all  through  its  progress. 
He,  in  turn,  is  required  to  supply  the  Home  Office  with  data 
of  a  nature  that  is  difficult  to  obtain  by  hit-and-miss  methods. 
He  is  assisted  in  doing  this  by  simple  forms  and  charts  that 
are  applicable  to  most  of  the  company's  work  and  is  encour- 
aged to  develop  others  to  meet  any  special  conditions  that  will 
warrant  the  trouble.  Simplicity  and  the  absolutely  negligible 
amount  of  clerical  labor  involved  in  filling  out  the  forms  and 
charts  are  the  secrets  of  their  success. 

The  opportunity  for  lost  motion  increases  with  the  size 
of  the  organization  and  the  extent  to  which  it  must  be  depart- 
mentized.  In  the  case  of  this  company  the  Superintendent  of 
Construction  is  responsible  to  the  Construction  Department  at 
the  Home  Office  and  will  deal  through  that  Department  with 
the  Engineering,  Purchasing,  and  Accounting  Departments, 
and  will  have  direct  relations  with  the  Executive  Department, 
numerous  sub-contractors,  and  representatives  of  the  client. 
His  own  office  force  will  include  such  clerical  and  technical 
assistance  as  the  size  of  the  job  dictates,  and  he  will  be  called 
upon  to  do  more  or  less  engineering  in  connection  with  matters 
which  can  best  be  determined  in  the  field. 

He  will  be  constantly  under  a  cross  fire  of  conflicting  ne- 
cessities, for  he  will  be  urged  to  "  hurry  up  and  get  the  .job 
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done  in  record  time  "  and  at  the  same  time  will  be  reminded 
that  "  the  cost  must  not  exceed  the  estimate,"  and  he  prob- 
ably had  no  hand  in  the  making  of  the  estimate. 

To  attain  this  paradox — -high  speed  and  low  cost — on  the 
same  job,  is  not  an  easy  task,  and  yet  it  is  the  usual  demand 
made  of  the  superintendent.  In  order  that  he  may  approx- 
imate a  satisfactory  result  in  these  fundamentals  he  must  l)e 
constantly  alert  to  prevent  delays  of  all  sorts,  due  to  a  thousand 
causes. 

In  the  very  beginning  he  should  take  steps  to  ascertain 
definitely  just  what  he  is  expected  to  do  in  connection  with 
every  detail  of  the  entire  job.  Following  is  a  list  of  some  of 
the  principal  points  to  be  covered : 

1.  What  plans,  or  specifications,  will  have  to  be  prepared 
in  his  office? 

2.  What  bills  of  material  will  be  made  up  for  him  by  the 
Home  Office,  and  what  will  be  made  by  him? 

3.  What  purchasing  will  be  handled  by  the  Home  Office 
and  what  by  him? 

4  What  purchasing  assigned  to  him  shall  be  done  directly 
by  his  office  and  what  shall  be  handled  by  his  requisition  on 
the  Purchasing  Department  of  the  Home  Office? 

5.  What  material  or  apparatus  purchased  by  the  Home 
Office  will  be  erected  in  place  l)y  sub-contractors  and  what  by 
his  own  forces  ? 

6.  What  material,  or  labor,  will  be  furnished  by  the 
Owiier  ? 

7.  Dates  of  promised  shipment  of  material,  and  begin- 
ning and  completion  dates  of  sub-contracts  placed  by  both  the 
Home  Office  and  his  office,  should  be  tabulated  so  he  may  guard 
against  delays  and  interference  of  the  different  parts  of  the 
work.  He  should  have  prompt  advice  of  any  changes  in  these 
dates  and  advice  of  all  shipments  made. 

8.  Wliat  is  the  nature  of  the  accounting  system  and  what 
special  cost  records,  other  than  the  essential  accounting  rec- 
ords, are  required? 

Other  points  to  be  covered  can  be  added  to  the  list  de- 
pending on  the  nature  of  the  Avork  to  be  done. 

He  will  perhaps  have  to  start  work  when  only  a  few  par- 
tialh'  finished  plans  are  ready  and  in  this  event  will,  of  course, 
be  unable  to  secure  answers  on  all  these  points  before  begin- 
ning work,  but  this  does  not  prevent  his  following  up  the  sys- 
tem as  rapidly  as  the  engineering  of  the  work  will  allow. 

It  is  most  difficult  for  a  superintendent  to  obtain  this  in- 
formation when  he  moves  from  a  completed  job  to  a  new  one 
without  returning  to  the  office.     On  arriving  at  the  new  one 
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he  finds  perhaps  just  enough  plans  to  start  excavation  or  the 
wrecking  of  an  old  building. 

If  the  office  attempts  merely  to  write  a  letter  telling  him 
what  he  is  to  do  and  what  they  are  doing,  important  items 
are  very  apt  to  be  overlooked.  A  trip  to  the  Home  Office  might 
require  a  week  or  two  and  would  not  entirely  eliminate  this 
trouble. 


WORKING  SCHEDULE. 

The  "  Working  Schedule  "  niieets  such  conditions,  as 
well  as  the  more  normal  ones  attending  the  beginning  of  any 
new  job.  It  is  printed  on  tracing  cloth  and  is  ordinarily  filled 
out  on  a  typewriter,  and  changes  may  be  made  as  required. 
Each  week  such  additions  or  changes  are  approved  as  indi- 
cated by  the  initials  of  the  engineer  in  charge,  the  chief  engi- 
neer, and  the  officer  of  the  Construction  Department  in  charge, 
and  a  revised  print  is  sent  to  the  superintendent. 

The  Schedule  reproduced  (Fig.  1)  is  from  a  job  now  in 
progress,  which  includes  extension  and  reconstruction  work  in 
two  power  stations  in  one  city,  a  13,000  volt  transmission  line 
to  a  new  sub-station  in  a  town  ten  miles  away,  and  the  re- 
vamping of  the  distribution  system  at  the  latter  point.  An 
unusual  amount  of  engineering  is  left  to  the  superintendent, 
and  a  study  of  this  schedule  will  show  the  extent  and  value 
of  the  information  which  can  be  condensed  in  one  simple  form. 
For  instance,  in  the  case  of  the  "  Stack  Foundation  "  the 
superintendent  sees  that  plans  and  specifications  will  be  fur- 
nished him ;  that  only  a  partial  bill  of  material  will  be  fur- 
nished and  that  he  will  have  to  look  out  for  the  balance ;  that 
he  will  purchase  only  part  of  the  material ;  that  he  is  to  build 
the  foundation  with  his  own  forces  ;  that  the  material  purchased 
by  the  Home  Office  on  order  No.  A-8  will  be  shipped  on  6-29-08. 
The  next  item — ''  Stack  &  Flue  " — assigns  no  responsibility 
to  him  except  following  up  the  sub-contract  C-1154,  let  by 
the  Home  Office.  His  attention  is  called  to  the  penalty  and 
bonus  clause  attached  to  the  sub-contractor's  date  for  com- 
pletion (8-12),  and  he  realizes  that  he  himself  must  have  the 
stack  foundation  completed  as  soon  as  possible  after  6-29,  in 
order  that  the  stack  sub-contractor  may  have  no  claijus  for 
delay  or  extension  of  time. 

In  the  case  of  ''  Sub-station  Wiring  "  he  will  have  no 
plans  furnished  him  except  the  manufacturer's  diagrams  ac- 
companying the  transformers  and  switchboard  panels  and  he 
will  have  to  lay  out  the  circuits,  order  all  his  material,  and 
install  the  wiring  to  the  apparatus.  Other  items  show  that 
the  apparatus  is  also  to  be  erected  by  his  men. 
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Letters  written  from  time  to  time  explain  in  detail  any 
points  which  may  not  be  completely  covered  on  the  form. 

Each  week,  on  an  old  print  of  the  schedule,  the  superin- 
tendent cancels  the  "J's"  and  "S's"  corresponding  to  work 
he  has  completed,  and  sends  it  to  the  Home  Office  where  the 
original  is  brought  up  to  date  from  his  standpoint. 


&,»W.CjC.tZ7A 


STONE  &  WEBSTER  ENGINEERING  CORPORATION 
WORKING  SCHEDULE 
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Fig.  1.     Working  Schedule. 
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This  weekly  exchange  of  information  continues  as  h)ng 
as  the  particular  job  requires,  and  has  been  found  to  eliminate 
a  large  amount  of  letter  writing  and  lost  motion,  as  Avell  as 
much  uncertainty  that  formerly  existed  in  the  fixing  of  the 
responsibility  for  carrying  out  the  details  of  the  work. 


Fig.  2.     Organization  Chart 


ORGANIZATION  CHARTS. 

At  the  beginning  of  a  new  job,  the  size  of  the  field  organi- 
zation usually  increases  rapidly  to  a  maximum  and  then  de- 
creases gradually  as  the  work  approaches  completion.  Much 
money  may  be  wasted  in  pay  rolls  if  men  are  hired  to  soon 
or  kept  on  the  rolls  too  long. 

An  organization  chart  or  diagram  along  the  lines  of  the 
one  shown  (Fig.  2)  is  required  of  the  superintendent  as  soon 
as  he  has  his  forces  lined  up.  Revised  charts  are  required 
as  the  progress  of  the  work  .suggests  to  the  Construction  Pe- 
partment  the  possibility  of  reducing  the  organization  or  the 
advisability  of  increasing  it.  Live  superintendents  usually 
anticipate  these  requests  for  revised  charts,  following  the  be- 
ginning or  completion  of  a  large  item  on  the  job. 

In  making  such  a  diagram    the    superintendent    is  com- 
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pelled.  in  a  definite  way.  to  justify  the  existence  of  all  his 
principal  assistants,  and  the  periodical  revisions  call  his  atten- 
tion to  possibilities  of  trimming  the  payroll  which  might  oth- 
erwise be  overlooked. 

The  copy  posted  in  the  office  stares  him  in  the  face  every 
time  he  goes  in,  and  is  of  further  value  as  it  clearly  shows 
the  men  to  whom  they  are  responsible  and  so  eliminates  dis- 
putes as  to  authority. 

Also,  the  Construction  Department  may  be  able  to  detect 
faulty  organization  methods  or  to  make  helpful  suggestions. 

The  chief  value  of  the  chart,  however,  is  the  moral  effect 
on  the  superintendent  of  putting  his  line-up  on  paper,  with 
the  consequent  clarifying  of  his  own  ideas. 


DELIVERY  SCHEDULE. 

The  importance  of  closely  following  the  deliveries  of  ma- 
terial is  almost  invariably  underestimated  by  the  younger  su- 
perintendents until  a  few  costly  delays  have  brought  the 
matter  forcibly  to  their  attention.  As  an  example,  the  lack 
of  a  few  special  steel  pipe  tittings  on  one  .job  tied  up  all  the 
piping  for  nearly  two  weeks,  and  to  meet  the  operating  re- 
quirements of  the  clients  it  was  necessary  to  secure  temporary 
fittings  of  cast  iron  by  express  to  finish  a  line  to  a  badly  needed 
engine.  When  the  steel  fittings  finally  did  come  a  month  later, 
they  had  to  be  substituted  for  the  temporary  fittings  nights 
and  Sundays  at  overtime  wages. 

In  addition  to  the  overtime  and  the  duplication  of  the 
work,  there  was  a  further  loss  due  to  the  fact  that  the  tempo- 
rary fittings  could  not  be  used  elsewhere  and  had  to  be  sold 
at  a  loss.  It  is  true,  perhaps,  that  no  system  would  have  pre- 
vented all  of  the  delay,  but  had  the  superintendent  known 
of  it  earlier,  he  might  have  taken  steps  to  push  the  shippers 
or  to  secure  partial  shipment  by  express,  which,  though  costly, 
would  have  been  cheaper  than  buying  tempi)rary  fittings.  The 
actual  loss  in  this  case  was  several  hundred  dollars. 

The  delivery  schedule  (Fig.  3)  is  sent  by  the  Home  Office 
to  the  superintendent  at  least  once  a  month,  and  during  the 
rush  part  of  the  job  once  a  week,  and  in  addition  items  of 
special  importance  may  be  followed  by  letter.  The  schedule 
is  made  in  triplicate ;  one  copy  going  to  the  Construction  De- 
partment, where  a  watchful  eye  is  kept  on  the  delivery  of  ma- 
terial, and  two  copies  going  to  the  superintendent,  who  returns 
one  copy  to  the  Purchasing  Department  with  any  changes  he 
desires  noted  in  the  column  left  for  the  purpose  and  headed 
"  Delivery  Desired."  The  Purchasing  Department  will  then 
apply  special  pressure  to  the  shippers  of  these  items. 
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P'iG.  4.     Progress  Report.     (Blue  Line  Print.) 


Note — Progress  shown  graphically  on  the  three  faint  horizontal  lines   oppo- 
site each  item. 

1.  Per  cent  of  work  done  at  time  of  each  report  shown  on  upper  line 
in  black  (on  this  figure  dash  dot  line.) 

2.  Original  estimate  of  time  to  finish  work  shown  on   center  line   in 
blue  line  (on  this  figure  solid  line.) 

3      Actual  time  spent   and   revised   estimate  of   time   to   finish   work 
shown  on  lower  line  in  red  (on  this  figure  dotted  line  ) 

4.     Vertical  red  line  drawn  through  date  of  report. 
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PROGRESS  REPORTS. 

One  of  the  easiest  ways  of  starting  a  hot  argument  among 
construction  men  is  to  open  up  the  subject  of  progress  reports. 
Field  men  are  inclined  to  chafe  and  wax  eloquently  profane 
at  the  very  mention  of  them,  although  iuAvardly  they  may 
recognize  their  value  and  necessity.  The  making  of  the  daily, 
M^eekly  or  monthly  report  of  progress  is  about  the  most  dis- 
tasteful of  all  the  superintendent's  duties,  with  the  possible 
exception  of  the  preparation  of  the  financial  reports  and  esti- 
mates of  cost.  Obviously  then,  that  system  of  progress  reports 
will  be  the  most  successful  which  furnishes  the  Home  Office 
the  required  information  with  the  least  expenditure  of  time 
and  effort  on  the  part  of  the  superintendent.  Letters  are  the 
least  satisfactory  and  the  most  trouble.  Printed  forms  are 
better,  and  for  some  kinds  of  work  cannot  be  excelled.  But 
for  all  around  use  on  any  and  every  kind  of  work  such  as  is 
handled  by  the  average  general  engineering  construction  firm, 
some  form  of  graphical  report  is  found  to  give  the  best  results. 

The  graphical  report  form  shown  (Fig.  4)  is  quite  simple 
as  it  covers  only  the  elements  of  time  and  work.  It  has  been 
applied  to  a  wide  range  of  operations,  and  there  is  probably 
no  class  of  work  to  which  it  could  not  be  adapted. 

Like  the  working  schedule,  it  is  printed  on  tracing  cloth 
and  the  Home  Office  fills  out  on  the  tracing  the  list  of  items 
on  which  progress  is  to  be  reported,  the  "  original  estimate 
of  time  required  to  finish  work."  which  fixes  the  chronological 
sequence  of  the  different  items,  and  the  dates  and  data  at 
the  top  of  the  sheets.  The  Superintendent  is  then  supplied 
with  a  stock  of  blue  line  prints  of  the  chart  on  which  to  render 
his  weekly  reports.  A  number  of  sheets  may  be  required  for 
a  large  job. 

The  "  original  estimate  of  time  to  finish  "  each  item  is 
usually  made  by  a  construction  official,  but  if  important  local 
conditions  are  unknown  at  the  Home  Office,  the  Superintend- 
ent may  be  called  upon  to  make  the  estimate,  which  in  either 
case  answers  two  purposes : 

1.  It  sets  a  pace  for  the  men  on  the  job.  as  material  vari- 
ations from  this  original  estimate  must  be  accounted  for,  and 
explanations  are  not  popular. 

2.  The  Superintendent  sees  at  a  glance  if  he  is  ahead  or 
is  falling  behind  the  schedule  of  time  which  will  bring  him 
out  right  at  the  end  of  the  job,  and  he  can  trace  the  cause 
of  the  delay  and  make  special  efforts  to  crowd  the  items  which 
are  lagging. 

The  operation  and  interpretation  of  the  chart  may  be 
easily  understood  bv  reading  the  storv  of  the  item    "  Terra 


36  THE    AKMOrii    ENGINEER  [Vol.  1,  No.  1 

Cotta."  The  center  one  of  the  three  horizontal  lines  opposite 
this  item  was  ruled  in  on  the  tracing  by  the  Construction 
Department  before  making  the  blue  line  prints  on  which  the 
Superintendent  renders  his  reports.  It  shows  the  perform- 
ance tJiat  the  Home  Office  expects  of  the  Superintendent — i.  e., 
he  should  be  able  to  erect  the  Terra  Cotta  between  August  1st 
and  November  1st.  The  Superintendent  rules  the  upper  of 
the  three  lines  in  black,  showing  that  87%  of  the  work  is  com- 
pleted. The  little  cross  indicates  the  percentage  complete  at 
the  time  of  the  previous  week's  report,  so  the  progress  for  the 
week  just  past  has  been  about  5%  of  the  whole. 

The  Superintendent  also  rules  the  lower  of  the  three  lines 
in  red  ink  showing  that  work  actually  commenced  August 
23d;  that  it  has  been  prosecuted  intermittently  up  to  Novem- 
ber 15th,  the  date  of  this  report  (as  shown  by  the  vertical  red 
line  ruled  through  that  date)  ;  that  he  now  estimates  that  the 
item  will  be  completed  December  1st.  The  total  time  for  com- 
pleting the  Terra  Cotta  will  then  be  a  week  less  than  was 
originally  estimated  by  the  Home  Office. 

Thus  by  simply  drawing  two  straight  lines,  one  black  and 
one  red,  the  superintendent  has  told  how  much  he  has  done 
since  the  last  report,  how  much  in  all  and  how  long  he  has 
been  in  doing  it ;  how  much  remains  to  be  done,  and  how  long 
it  Avill  take  to  do  it.  There  are,  of  course,  a  multitude  of 
forms  that  such  a  chart  may  follow,  and  the  element  of  cost 
as  compared  to  the  estimate  can  be  combined  without  greatly 
complicating  it. 

A  very  delicate  feature  is  the  "  original  estimate  of  time 
to  finish  "  made  by  the  Home  Office,  which  sets  a  pace  for 
the  Superintendent  to  beat  if  he  can.  Obviously  this  estimate 
must  be  a  fair  one,  made  by  a  man  who  knows  construction 
possibilities  and  impossibilities.  An  underestimate  takes  the 
heart  out  of  a  man  who  knows  he  cannot  possibly  make  the 
dates,  and  an  overestimate  lets  down  the  pressure,  as  the  man 
feels  that  he  can  satisfy  the  office  without  particular  exertion. 


COSTS. 


A  detailed  estimate  of  the  total  cost  is  supplied  by  the 
Home  Olfice,  but  this  estimate  may  have  been  made  before  the 
plans  were  completed,  and  in  extreme  cases  may  even  have 
been  made  on  a  unit  basis  when  only  the  general  outlines  of 
the  job  were  settled. 

The  wise  superintendent,  therefore.  Avill  divide  this  de- 
tailed estimate  into  a  very  much  finer  series  of  subdivisions 
and  will  check  it  as  closely  as  possible,  as  his  accumulating 
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plans  and  other  needed  information  arrive.  By  so  doing  he 
will  frequently  be  able  to  show  exactly  why  and  where  the 
original  estimate  is  at  fault,  and  by  so  advising  the  Home 
Office  will  effectively  protect  himself  against  later  charges  of 
negligence,  improper  cost  keeping,  or  still  worse,  of  being  un- 
able to  control  his  costs. 

For  a  number  of  generally  accepted  reasons,  the  matter 
of  cost  keeping  has  become  one  of  recognized  importance  on 
practically  all  construction  work.  This  is  not  as  simple  a 
matter  on  a  construction  job  as  it  is  in  an  office  or  a  factory, 
for  the  reason  that  the  entire  field  organization  is  more  or 
less  temporary  and,  as  a  rule,  does  not  reach  a  point  of  high 
efficiency  until  the  work  is  well  under  way.  Furthermore,  the 
timekeeper,  material  clerk,  and  accountant,  who  are  the  super- 
intendent's mainstays  in  the  keeping  of  costs,  are  all  too  often 
deficient  in  the  requisite  experience  and  appreciation  of  the 
importance  of  this  part  of  their  work. 

It  is  not  at  all  uncommon  to  find  that  the  accountant  will 
split  a  36c  freight  bill  between  four  different  accounts,  the 
material  clerk  will  haggle  over  a  proper  charge  for  a  dozen 
lag  screws,  while  the  timekeeper  will  distribute  the  time  of  the 
men  with  a  frightful  disregard  for  accuracy,  and  at  the  end 
of  the  week  will  juggle  $100  into  the  nearest  column  to  make 
his  classified  labor  total  agree  with  the  total  of  the  payroll. 

Another  common  difficulty  arises  from  the  fact  that  at 
the^  beginning  of  the  job  the  superintendent  is  apt  to  think 
he  is  too  busy  getting  it  organized  and  under  way,  to  sit  down 
and  think  much  about  costs,  and  when  the  first  month's  cost 
sheets  are  brought  to  him,  along  at  the  end  of  the  second 
month  when  the  brick  work  is  half  up,  he  finds  a  mass  of 
impossible  excavation  and  foundation  costs,  and  proceeds  to 
doctor  them  up  as  best  he  can  and  apologetically  advises  the 
Home  Office  that  those  particular  figures  are  not  entirely  trust- 
worthy. Such  costs  as  these  are  practically  useless  and  lessen 
confidence  in  the  rest  of  his  figures,  and  yet  they  are  the  vari- 
ety that  are  turned  in  from  many  a  job  as  the  basis  for  future 
estimating  data.  Such  guess  work  could  have  been  prevented 
by  spending  a  few  minutes  a  day  with  the  men  who  are  re- 
sponsible for  the  cost  keeping. 

The  material  costs  seldom  go  far  wrong,  but  the  labor 
costs  must  be  everlastingly  watched,  and  it  will  pay  big  re- 
turns to  insist  on  having  a  classified  time  sheet  for  each  day 
and  to  take  the  necessary  few  minutes  to  check  and  approve 
it.  This  may  be  made  a  weekly  affair  after  matters  are  run- 
ning smoothly  and  the  daily  sheets  are  found  to  be  free  from 
errors.     Only  a  little  time  is  required  to  check  the  sheets  as 
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all  matters  are  fresh  in  the  superintendent's  mind,  and  he  is 
sure  then  that  the  cost  data  his  accountant  hands  him  from 
time  to  time  is  correct. 

Whether  or  not  the  firm  requires  unit  cost  data  in  addition 
to  the  routine  accounting  records,  the  superintendent  "svill  be 
a  more  valuable  man  for  knowing  in  detail  what  each  part 
of  his  job  is  costing,  day  by  day.  If  the  accounting  and  time- 
keeping is  properly  done  it  adds  very  little  either  in  cost  or 
trouble  to  have  such  a  record.  A  loose  leaf  Unit  Cost  Eecord 
is  maintained  by  this  company  on  all  except  the  most  com- 
plicated reconstruction  jobs  where  the  conditions  are  never 
likely  to  be  duplicated.  The  sheet  reproduced  (Fig.  5)  shows 
the  cost  in  a  Texas  city  of  bonding  2,550  ft.  of  single  track 
which  was  rebuilt  when  the  street  was  paved.  The  value  of 
such  data  to  the  Home  Office  in  estimating  future  work  is  great, 
but  it  is  vastly  more  useful  to  the  superintendent  who  knows 
every  detail  of  the  conditions  which  influenced  the  costs,  and 
who  knows,  therefore,  even  better  than  the  office,  just  how 
much  a  dollar  will  do. 

There  is  no  need  for  a  recital  of  the  many  merely  routine 
methods  such  as  are  found  in  almost  every  constructing  engi- 
neer's office,  and  space  has  been  given  to  only  these  special 
features  which  are  out  of  the  beaten  track  and  which  may 
prove  of  interest  because  they  have  increased  the  mental  and 
executive  efficiency  of  a  considerable  body  of  men. 

As  a  parting  word, 

Plan  your  work, 
then 

Work  your  plan. 


EQUIPMENT    OF    REINFORCED    CONCRETE    FACTORY 

BUILDINGS. 

By  MORRIS  W.  LEE,  M.  E.* 

The  use  of  reinforced  concrete  for  factory  buildings  is 
rapidly  increasing  in  favor,  and  while  the  actual  construction 
details  have  been  quite  thoroughly  worked  out  and  the  diffi- 
culties of  such  a  radical  departure  from  former  building  meth- 
ods fairly  mastered  by  designing  engineers  and  contractors, 
yet  the  matter  of  equipment  for  manufacturing  purposes  still 
presents  a  considerable  number  of  problems. 

One  is  apt  to  think,  if  he  has  not  already  had  the  ex- 
perience which  proves  the  contrary  true,  that  with  a  factory 
building  entirely  completed  by  a  contractor,  the  question  of 
equipment  consists  only  of  the  purchase  of  the  required  ma- 
chinery and  its  installation,  with  the  necessary  power  to 
run  it.  This  is  of  course  true,  but  the  word  installation,  with 
the  numerous  et  ceteras  which  it  involves,  proves  to  be  a 
more  comprehensive  term  than  is  at  first  considered. 

The  general  methods  of  equipment  and  installation  in  the 
mill  construction  type  of  factory  buildings,  like  the  building 
methods  for  these  structures,  have  been  well  developed  and  do 
not  present  new  difficulties  to  any  great  degree.  With  the  re- 
inforced concrete  buildings,  however,  this  is  not  yet  the  case, 
and  it  is  the  purpose  of  this  article  to  describe  some  practical 
examples  of  equipment  in  this  type  of  building. 

The  matter  of  equipment  is  involved  in  the  construction 
process  to  some  extent,  and  must  necessarily  be  considered 
with  it.  That  is,  the  matter  of  floor  space,  department  distri- 
bution and  the  character  of  the  work  to  be  done,  determine 
the  size  and  proportion  of  the  building.  Insurance  provisions 
determine  whether  or  not  sprinklers  shall  be  installed,  and  pro- 
visional floor  layouts  of  the  machinery  call  for  certain  arrange- 
ments for  power  and  light  distribution.  In  some  particulars 
the  details  can  be  worked  out  before-hand  and  exactly  adhered 
to,  but  for  the  most  part,  changing  opinions  and  developing 
conditions  serve  to  alter,  in  some  degree,  original  plans  for 
installation. 

Starting  then  with  the  principal  items  to  be  considered 
before  or  during  construction,  we  And  them  to  be  Heating  and 
Ventilating,  Power  Application  and  Distribution,  Illumination, 
and  Fire  Protection. 

♦Class  1899.      Chief   Entrineer,   Keuffol  &   Esser  Co.      Iloboken,   N.   J. 
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One  other  thing  which  comes  under  the  classifieation  of 
items  to  be  considered  during  construction  is  the  lighter  par- 
titioning. This  is  true  for  the  reason  that  modifications  aie 
not  easily  made  in  a  concrete  building  after  the  forms  have  set, 
for  in  this  style  of  building  it  is  a  question  of  dealing  with 
steel  and  stone,  and  not  a  mere  matter  of  altering  a  wood  par- 
tition. 

The  unyieldingness  is,  in  fact,  the  distinguishing  differ- 
ence between  the  reinforced  concrete  and  other  types  of  build- 
ings and  it  is  a  difficulty  that  the  equipment  engineer  is  con- 
stantly confronted  with. 

*  • 

The  placement  of  partitions  should  therefore  be  looked 
after  with  considerable  care  in  going  over  the  plans  with  the 
architect,  to  avoid  the  expensive  and  inconvenient  alterations. 
In  many  cases  the  hollow  tile  or  expanded  metal  with  a  plaster 
coat  serve  well  for  partitions,  and  they  can  be  built  in  at  any 
time  with  comparative  ease.  Wood  partitions  are  also  pos- 
sible, but  must  have  their  upright  posts  suitably  anchored  to 
the  concrete,  to  avoid  their  loosening  from  the  inevitable 
shrinkage  of  the  wood. 

In  the  matter  of  heating  and  ventilation  there  is  far  from 
a  unanimity  of  opinion  as  to  the  best  transmission  of  concrete 
walls.  This  is  largely  due  to  the  different  mixtures  of  con- 
crete used  in  various  buildings,  together  with  the  variable 
quality  of  workmanship  in  tamping  the  concrete  in  the  forms. 
Either  of  these  conditions,  or  the  combination  of  them,  pro- 
duce walls  of  differing  conductivity.  In  figuring  for  the 
amount  of  heat  required,  therefore,  it  is  well  to  take  the  heat 
transmission  of  first  class  concrete  through  the  walls  as  IVt  to 
11/2  that  of  brick  walls  of  the  same  thickness,  and  to  figure 
an  accordingly  larger  proportion  where  the  concrete  is  of 
poorer  quality. 

There  is  also  a  difference  of  opinion  as  to  the  duration  of 
the  "drying  out"  process  of  concrete  walls,  some  maintaining 
that  these  buildings  are  harder  to  heat  during  the  first  winter 
because  the  drying  out  process  is  not  completed  before  that 
length  of  time.  It  is  the  writer's  opinion  that  when  a  con- 
crete building  is  put  up  in  cold  weather,  the  water  may  not 
all  Crystallize  or  evaporate,  and  thus  the  walls  may  retain 
their  moisture  for  some  time,  but  if  put  up  in  moderate  or  sum- 
mer weather,  there  is  little  or  no  dampness  retained. 

The  ventilation  problem  depends  upon  the  character  of 
work  and  number  of  workmen  per  cubic  contents,  as  well 
as  on  the  character  of  the  structure.  The  window  leakage 
is  ordinarily  less  in  a  concrete  building,  and  this  in  a  measure 
offsets  the  transmission  losses  through  the  walls,  but  the  mod- 
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ern  tendency  is  to  increase  the  percentage  of  glass  surface 
to  outside  wall,  and  with  it  the  window  leakage.  In  the  average 
building,  if  the  proportion  of  worlnnen  to  cubic  feet  of  contents 
does  not  exceed  1  to  1500.  forced  circulation  is  not  called  for 
unless  the  air  is  vitiated  by  something  in  the  process  of  manu- 
facture. With  some  buildings,  the  peculiarities  of  plan  or  de- 
ficiencies in  structural  tightness  permit  of  an  abundance  of 
ventilation  by  leakage  to  care  for  one  man  to  less  than  1,000 
cubic  feet  contents. 

The  writer's  judgment  is  that  the  forced  air  or  hot  air 
system  of  heating  is  not  so  satisfactory^  nor  economical  for 
factory  purposes,  as  the  direct  heating  system.  With  the 
hot  air  or  indirect  system  it  is  often  the  case  that  unncessary 
quantities  of  cold  air  are  drawn  into  the  building  and  there 
heated  at  the  expense  of  considerable  fuel.  This  hot  air  is 
then  forced  on  the  workmen  in  a  dry  uninvigorating  condi- 
tion, so  that  the  result  is  less  satisfactory  than  that  attained 
by  the  use  of  a  direct  heating  system  with  the  ordinary  leakage 
of  fresh  air  from  outside  constituting  the  ventilation. 

The  question  of  power  application  is  one  of  wide  variety 
and  should  be  developed  with  regard  to  the  particular  work 
to  be  carried  on  in  the  buildings  after  their  completion.  In 
that  section  of  the  factory  which  the  writer  has  principally 
under  consideration,  the  power  is  electrical,  produced  in  a 
central  powder  plant  and  distributed  both  through  individual 
motors  and  group  shaft  drives.  Here  the  plan  for  main  feeders 
was  laid  out  as  the  concrete  work  progressed,  and  suitable 
openings  left  in  the  floors  for  the  passage  of  conduit  which 
was  to  carry  the  main  circuits.  As  it  was  decided  to  have  all 
open  wiring,  no  pipes  or  conduits  were  laid  in  the  floor  slabs 
except  in  a  few  places  where  concealed  work  was  necessary. 

If  the  main  plan  of  such  wiring  can  thus  be  laid  out,  con- 
siderable work  in  cutting  and  drilling  can  be  saved,  and  the 
smaller  details  developed  after  the  completion  of  the  building. 
One  objection  to  making  a  complete  detail  of  floor  and  ma- 
chinery layouts,  before  or  during  the  construction  of  a  build- 
ing, especially  where  individual  motor  drives  are  used  and  the 
wiring  is  to  be  drawn  through  pipes  laid  in  the  girders  or 
floor  slabs,  is  that  the  arrangement  is  almost  invariably  changed 
after  the  completion  of  the  building.  The  conduit  locations  are 
then  inflexible  for  needed  alteration.  For  this  reason  it  is 
better  to  lay  out  the  main  lines,  with  a  provisional  plan  for 
the  details,  but  allow  for  open  wiring,  which  permits  of  ready 
alteration,  to  meet  developing  conditions. 

(xood  illumination  is  a  vital  point,  and  demands  careful 
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consideration  as  to  the  kind  required  for  the  particular  work 
in  hand.  It  is  undoubtedly  true  that  good  illumination  is  a 
good  investment,  resulting  in  increased  productivehess  of  the 
employees,  or  more  accurately  speaking,  poor  illumination 
fierves  to  cut  down  production. 

The  principal  types  of  lamps  suitable  for  factory  illumi- 
nation are  the  arc,  either  plain  or  with  concentric  diffusors, 
the  ordinary  incandescent,  the  Nernst.  the  mercury-vapor  and 
more  recently  the  tungsten  incandescent.  Until  the  tungsten 
lamp  is  made  cheaper  and  less  liable  to  breakage  from  vibra- 
tion, however,  it  will  not  be  largely  used  in  factory  illumi- 
nation. 

.  When  providing  for  any  of  these,  or  a  combination  of 
them,  the  same  general  remarks  on  flexibility  as  about  power 
wiring  hold  true,  though  the  illumination  scheme  is  less  likely 
to  suffer  changes  of  an  extensive  character  than  is  the  power 
distribution  plan. 

In  bringing  up  the  matter  of  fire  protection  as  one  to  be 
considered  before  or  during  construction,  the  unburnable  char- 
acter of  the  building  naturally  suggests  itself.  The  building 
contents  are  nearly  always  combustible,  however,  and  for  this 
reason  the  owners  often  install  a  complete  sprinkler  system, 
either  as  a  result  of  their  own  judgment  of  because  of  insur- 
ance regulations. 

]\Iany  times  no  provision  is  made  for  sprinkler  pipes  until 
the  building  is  completed,  and  this  entails  a  considerable 
amount  of  unnecessary  labor.  The  insurance  companies  re- 
quiring sprinklers,  or  prospective  contractors  to  install  such 
work  will  always  give  sufficient  information  to  determine  where 
the  sprinklers  should  come,  and  thus  provision  for  supporting 
the  pipes  may  be  made  during  construction. 

The  method  pursued  in  the  Keuffel 
,o;.-.>^i. •,•...  &  Esser   Co.  factory  buildings  was  to 

set  an  anchor  in  the  beam  forms  and 
concrete  around  it.  This  anchor,  as 
shown  by  Fig.  1,  resembles  a  spool, 
the  upper  flange  being  round,  and  the 
lower  one  square,  as  an  additional  safe- 
guard against  turning  when  screwing 
in  the  hangers.  The  anchors  were  tap- 
ped in  the  bottom  before  setting  and 
the  thread  was  to  receive  the  pipe 
hangers  later.  Considerable  care  must 
be  employed  by  the  builders  in  setting 
these  anchors    in     order    to  get  them 
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Fig.  1. 
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properly  in  line,  and  they  must  not  be  misplaced  in  ramming 
the  concrete  in  the  beams.  To  prevent  displacement,  a  wire 
nail  was  driven  through  the  spool  into  the  bottom  of  the  beam 
form.  When  the  form  was  removed,  this  left  the  nail  point 
projecting  slightly,  but  this  was  no  disadvantage,  as  the  hangers 
were  of  %  in.  pipe  and  'the  nail  entered  the  center  of  the 
hanger.  The  dimensions  for  setting  these  anchors  were  given 
to  the  builders  floor  by  floor  as  they  progressed,  and  so  accurate- 
ly were  they  placed  that  in  only  a  few  cases  was  it  necessary 
to  do  drilling  to  provide  additional  supports.  Fig.  6  shows  this 
arrangement  on  the  paper  stock  floor. 

Where  such  previous  provision  is  not  made  for  hanging 
the  pipes,  the  customary  way  of  supporting  them  is  by  an  eye- 
bolt  hung  on  an  expansion  or  through  bolt  drilled  for  and  set 
in  the  beam  near  its  upper  edge. 

It  may  be  noted  here  that  if  holes  are  to  be  put  through  the 
floor  beanls,  the  best  place  to  put  them  is  slightly  below  the 
floor  slab,  i.  e.,  near  the  top  of  the  beam,  as  this  is  about  the 
neutral  axis. 

Returning  now  to  items  of  equipment  installed  after  the 
completion  of  the  building  proper,  a  brief  description  will  be 
given  of  the  conditions  prevailing  at  the  Keuffel  &  Esser  Com- 
pany factory,  as  this  is  the  one  to  which  particular  reference 
will  hereafter  be  made.  This  factory  covers  a  large  portion 
of  two  city  blocks  and  is  divided  by  a  65-foot  street,  all  of 
the  concrete  buildings  with  the  exception  of  the  boiler  house 
being  on  the  same  side  of  the  street. 

The  power  and  light  lines  for  these  buildings  consist  of 
5  pairs  of  700.000  C.  ]\I.  lead  sheathed  cables  running  from 
the  switchboard  in  the  engine-room  in  clay  conduit,  through 
the  factory  yard,  and  under  the  street  through  individual  iron 
conduits  enclosed  in  a  large  cast  iron  pipe.  They  go  to  5 
risers,  one  in  the  general  office  and  warehouse  building,  and 
four  in  the  main  manufacturing  building,  where  they  pass 
through  distributing  panel  boxes  on  each  floor. 

In  order  not  to  have  wires  running  from  the  ceiling  to 
the  individual  motors  scattered  through  the  floors,  the  distrib- 
uting boxes  are  arranged  so  that  a  main  power  circuit  from 
each  leaves  the  bottom  of  the  panel  box  and  runs  under  the 
floor  on  which  the  box  is  placed.  All  the  branching  of  the 
power  lines  in  the  groups  of  motors  controlled  by  the  various 
panel  boxes,  is  done  on  the  ceiling  of  the  floor  below,  and  the 
motor  connection  made  through  an  iron  pipe  conduit  run 
through  the  floor  slab  directly  alongside  the  motor. 

The  lighting  lines  for  each  floor  go  out  the  top  of  the  panel 
box  and  run  on  the  ceiling  of  the  floor  thev  are  to  illuminate. 
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Thus  the  space  around  all  motors  is  free  from  entangling  wir- 
ing or  conduit,  and  yet  both  power  and  light  are  controlled 
at  the  floor  on  which  they  are  used. 

Under  the  first  floor  the  fuse-blocks  and  cut-outs  are  all 
enclosed  in  iron  boxes  with  tightly  closing  doors.  This  is 
done  to  protect  the  metal  connections  from  dampness  and  cor- 
rosion, as  there  is  no  basement  and  the  moisture  under  the 
floor  is  at  times  considerable. 

The  plan  of  illumination  adopted  Avas  to  hang  incandes- 
cent lamps  at  each  machine  and  bench,  so  that  practically 
every  employee  has  a  light  placed  directly  where  he  is  work- 
ing. This  individual  illumination  is  supplemented  by  a  suffi- 
cient number  of  arc  lamps  to  produce  a  general  illumination 
adequate  at  any  point  for  the  rougher  processes  or  for  moving 
material  from  place  to  place. 

All  the  power  wiring  is  carried  in  porcelain  cleats  and 
the  light  wiring  on  knobs.  The  difference  between  wood  and 
concrete  construction  is  very  strongly  emphasized  in  this  wir- 
ing work,  because  for  every  screw  that  holds  a  cleat  or  knob,  a 
hole  must  be  drilled  from  1  in.  to  1^/2  in.  deep,  and  this  hole 
plugged  with  a  wooden  dowel  which  then  carries  the  screw. 

It  may  be  readily  seen  that  this  labor  is  considerable,  but 
it  is  not  necessarily  expensive.  One  competent  electrician  had 
charge  of  a  group  of  laborers,  and  laid  out  the  position  of 
every  knob  or  cleat  with  its  corresponding  screw  hole.  It 
was  found  that  he  could  easily  lay  out  work  for  a  number  of 
laborers  and  supervise  them  at  the  same  time,  and  thus  good 
progress  was  made  at  small  expense. 

An  ordinary  star  drill  and  hand  hammer  were  used  for 
drilling,  and  enough  extra  drills  were  obtained,  so  that  a  lot 
could  be  in  the  blacksmiths '  hands  right  along  for  sharpening, 
It  does  not  pay  to  use  a  dull  drill  for  long. 

Practically  all  of  the  power  wiring  was  done  before  the 
lighting,  as  the  machinery  was  installed  during  the  summer 
months  when  hardly  any  light  was  needed.  The  plans  for  the 
power  wiring  were  worked  out  carefully  for  the  size  of  wires, 
cut-outs,  etc.,  and  if  the  location  of  a  motor  was  changed  from 
that  first  proposed,  an  alteration  in  the  direction  of  the  wiring 
from  that  given  on  the  plan  was  all  that  was  necessary,  as  the 
sizes  ordinarily  remained  the  same  and  there  were  no  inlaid 
conduits  to  be  followed.  The  lines  were  run  between  the  bays 
or  along  the  girders  as  much  as  possible,  to  avoid  breaking 
around  the  corners.  The  straighter  the  run,  the  fewer  cleats 
required,  and  consequently  fewer  holes  to  be  drilled.  In  some 
cases  the  lines  were  run  spanning  the  beams,  with  a  cleat  at 
each  beam. 
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The  plans  showing  the  exact  location  of  every  light  were 
made  in  the  following  manner :  Diagrams  were  made  of  every 
floor,  showing  all  desks,  machines  and  benches,  as  well  as  the 
position  of  columns  and  ceiling  beams.  These  were  then  taken 
on  the  floors,  where  each  foreman  was  consulted  as  to  the  exact 
location  of  lights  required.  These  w^ere  noted  on  the  blue  print 
and  subsequently  incorporated  in  the  plan.  There  is  a  decided 
advantage  if  this  method  can  be  pursued,  as  in  many  cases  one 
can  tell  much  better  from  what  direction  or  in  what  position  a 
light  should  come,  when  the  actual  working  conditions  are 
in  evidence,  than  from  consideration  of  a  floor  plan  alone. 

In  laying  out  the  lighting  lines,  the  effort  was  made  to 
bring  the  principal  lines  directly  over  as  many  required  drop 
positions  as  possible,  in  order  to  save  wire  and  drilling  in  side 
connections,  and  it  was  found  that  by  careful  consideration 
of  the  conditions  in  most  cases  this  could  be  done.  Where 
side  branches  were  required  only  a  short  distance  from  the 
main,  the  rosette  was  put  on  the  main  line  and  a  reinforced 
cord  carried  to  a  ceiling  button  to  drop  a  light  where  wanted. 
This  called  for  only  one  screw  and  saved  a  splice  and  several 
holes. 

It  may  be  seen  that  to  run  the  lighter  gauges  of  required 
lighting  wire  the  length  of  the  buildings  in  two  or  three  lines, 
would  necessitate  breaking  around  several  hundred  concrete 
beams  from  4  ft.  to  5  ft.  apart,  and  this  meant  an  enormous 
amount  of  drilling.  It  was  therefore  decided  to  use  a  gauge 
of  wire  sufficiently  large  to  come  within  the  insurance  require- 
ments for  wiring  bridged  from  beam  to  beam.  This  was  in 
many  cases  a  much  heavier  wire  than  needed  for  the  current 
carried,  but  while  heavier,  it  was  also  much  shorter  on  account 
of  its  directness,  and  could  be  put  up  more  quickly  and  easily. 
The  use  of  heavier  wire  therefore  actually  effected  a  saving. 

IMany  ways  were  considered  for  avoiding  the  necessity  of 
drilling  for  the  two  screw  holes  found  in  all  the  types  of  ro- 
settes, and  the  scheme  shown  in  Fig.  2  finally  adopted  m  con- 
junction with  the  method  of  wiring  just  described.  A  hard- 
wood block  the  diameter  of  the  rosette  was  made  of  sufficient 
thickness  to  bring  the  rosette  connection  to  the  same  height 
that  the  knob  holds  the  wire,  and  this  block  was  drilled  for 
a  center  screw  and  dipped  in  white  paint  before  it  was  fas- 
tened to  the  beam.  The  knobs  were  spaced  to  bring  the  main 
wires  the  same  distance  apart  as  the  rosette  connections  and 
placed  off  the  center  of  the  under  surface  of  the  beam.  The 
wood  blocks  were  fastened  alongside  these  knobs,  so  that 
after  the  lines  were  strung,  the  rosettes  could  be  fastened  to 
the  blocks  and  their  connections  line  exactly  with  the  wnres, 
which  were  bared  at  these  points  to  make  connection. 
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Thus  by  the  use  of 
three  holes  in  the  beam, 
the  two  knobs  and  the 
rosette  were  held  in  the 
most  convenient  position 
and  one  drilled  hole  saved 
for  every  rosette,  as  the 
two  screws  from  it  fasten- 
ed in  the  wood.  When 
finished,  the  job  presented 
a  very  nep^t  appearance, 
and  one  would  not  know 
except  from  close  examin- 
ation that  anything  be- 
sides porcelain  had  been 
used. 

As  far  as  possible  the 
lights  were  dropped  from 
beams  in  this  manner,  and 
where  one  Avas  needed  in 
another  spot,  the  rosette 
was  put  on  the  beam  and 
a  cord  carried  through  a 
ceiling  button  to  the  re- 
quired location.  All  knobs 
were  set  to  one  side  of 
the  under  surface  of  the  beam  to  allow  for  a  future  light  con- 
nection. By  running  such  a  line  the  length  of  each  bay,  thor- 
ough provision  for  alteration  is  made,  and  a  light  can  be  easily 
dropped  at  any  spot  where  it  is  later  needed. 

The  direct  system  of  steam  heating  was  employed,  with 
the  steam  pipes  mostly  at  the  side  Avails  under  the  Avindows. 
The  Avail  coils  Avere  hung  in  pipe  racks  scrcAved  to  Avood  battens 
AA-hieh  Avere  fastened  to  the  Avails  by  expansion  bolts. 

In  placing  the  individual  motors,  economy  of  space,  to- 
gether Avitli  proper  length  of  belt  drive,  Avas  carefully  con- 
sidered. In  the  case  of  circular  saws,  sanders,  carvers,  and 
jointers,  the  motors  Avere  placed  on  the  floor;  and  where 
needed,  suitable  tables  or  frame  Avork  set  for  their  protection. 
In  many  cases,  notably  Avith  planers,  the  motors  AA^ere  sus- 
pended from  the  ceiling.  Avith  pulleys  at  each  end  of  the  arma- 
ture shaft. 

"Where  the  armature  shaft  itself  Avas  not  long  enough  to 
give  the  proper  span  betAveen  the  pulleys,  this  Avas  obtained 
by  extending  the  shaft  and  setting  a  hanger  to  support  the 
extended  end.    Fig.  3  is  an  example  of  this  style  of  drive. 


Fig.  2. 
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In  some  cases  a  modification  of  this  plan  was  required 
because  of  some  very  fast  running  pulleys  and  some  slow  run- 
ning, which  are  ordinarily  taken  care  of  by  a  countershaft. 
As  an  example  of  such  a  drive  Fig.  4  shows  a  sander  where 
the  three  sand  rolls  are  driven  by  a  single  belt  from  the  main 
motor  pulley  and  the  feeding  mechanism  driven  from  a  coun- 
tershaft run  from  a  smaller  pulley  on  the  other  side  of  the 
motor  with  extended  shaft  and  hanger.  It  wall  readily  be  seen 
that  these  suspended  drives  are  very  economical  of  floor  space, 
and  also  allow  freer  access  to  the  machines  than  floor  stands 
or  floor  motor  drives. 


Fig.  3. 


Fig.  4. 


All  suspensions  for  motors  and  shafts  were  made  of  iron 
and  steel  instead  of  Avood.  Angles,  I-beams,  channels  or  their 
combinations  were  employed  as  best  suited  to  the  conditions, 
and  where  heavy  weights  were  carried,  a  double  channel  with 
riveted  spacing  blocks  was  found  very  convenient  for 
attaching. 

The  advantage  of  iron  and  steel  supports  over  wood  is 
considerable.  First,  they  are  more  rigid  for  the  space  occu- 
pied ;   and   second,   they   stay   rigid,   whereas   wood   does  not. 
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It  is  nut  necessary  to  take  up  on  the  bolts  continually  as  is 
the  case  with  wooden  supports,  which  are  sure  to  shrink  for 
a  considerable  time  after  they  are  set  in  place. 
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Wliere  several  small  machines  could  be  grouped  together, 
they  were  driven  from  a  short  shaft  with  a  single  motor.  For 
supporting  the  hangers  two  channel  irons  were  attached  to  the 
beams  by  eyebolts  hung  from  other  bolts  through  the  beams. 
This  method  of  running  the  channel  irons  the  full  length  of 
the  shaft  allows  the  hangers  to  be  set  in  any  location  by 
merely  drilling  the  iron,  and  is  thus  a  more  flexible  con.struc- 
tion  than  where  hangers  are  fastened  individually  to  the 
concrete. 

The  motors  for  driving  these  shafts  were  set  on  brackets 
to  provide  more  floor  room.  A  good  idea  of  this  style  of  group 
driving  is  shown  in  Fig.  5,  where  several  small  machines  are 
driven  from  one  shaft  and  the  motor  is  against  the  column. 
The  iron  pipe  running  up  the  column  to  the  starting  box  shows 
the  method  of  conveying  the  power  feed  from  below. 


Fig.  6.    View  in  Paper  Stock  Room,  showing  lighting 
wires  and  sprinkler  supports. 


One  other  equipment  item  in  the  Keuffel  &  Esser  Company 
factory  is  the  clust  and  shavings  collecting  system,  for  the 
three  woodworking  floors.     The  general  plan  for  this  is  an 
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independent  direct  motor-driven  blower  on  each  floor  discharg- 
ing into  one  large  collector  on  brackets  outside  the  building. 
This  separation  into  floors  avoids  the  necessity  of  cutting  large 
holes  in  the  floors,  and  is  more  acceptable  to  the  insurance 
people  also. 

In  making  the  individual  exhaust  connections  to  machines, 
the  pipes  were  carried  to  the  ceiling  wherever  possible.  In 
some  cases  where  a  bottom  connection  was  necessary,  the  pipe 
was  run  on  the  floor  to  an  adjacent  column,  where  it  was 
carried  upward  to  the  main  pipe.  In  the  case  of  the  circular 
saws  which  are  placed  in  the  open  and  should  have  clear  space 
all  around,  it  was  necessary  to  cut  a  hole  through  the  floor 
directly  under  the  machine,  run  under  the  floor  and  rise  at  the 
nearest  column  to  meet  the  main  ceiling  line. 

The  three  fans  on  the  different  floors  are  mounted  directly 
on  the  armature  shafts,  which  were  ordered  specially  for  that 
purpose.  This  eliminates  the  fan  bearings  as  ordinarily  in- 
stalled, as  well  as  possible  mis-alignment  of  fans  and  motor 
shaft.  This  arrangement  and  the  separation  into  groups  has 
been  found  very  economical  of  power.  The  motor  and  blower 
are  suspended  from  the  ceiling  in  an  iron  cradle  which,  as 
before  mentioned,  has  the  great  advantage  of  floor  space  saved 
and  permanent  rigidity. 

In  conclusion  it  may  be  said  again  that  the  unyieldingness 
of  the  concrete  construction  is  the  feature  which  stands  ort 
most  prominently  in  the  task  of  equipping  such  a  building,  but 
this  very  fact  is  in  itself  an  incentive  to  install  a  more  perma- 
nent and  reliable  type  of  equipment,  and  to  build  better  than 
before. 


AN  INEXPENSIVE  FIREPROOF  HOUSE. 

BY  HORACE   S.   POWERS.* 

Building  in  some  form  of  concrete  material  has,  in  the 
popular  mind,  become  nearly  synonymous  with  fire-proof  con- 
struction in  the  smaller  class  of  buildings  and  dwellings.  Many 
of  the  writers  of  today  in  speaking  of  progress  in  the  use  of 
concrete  have  gone  so  far  as  to  call  the  present  an  "age  of 
cement"  and  as  one  looks  arouiid  and  reads  in  technical  jour- 
nals of  things  which  have  been  accomplished  with  this  material 
in  the  form  of  concrete  one  must  realize  that  such  a  term  is 
becoming  justifiable  if  it  is  not  so  already. 

There  seems  to  be  no  end  to  the  uses  to  which  this  material 
can  be  put.  It  is  a  far  reach  from  the  vast  engineering  projects 
being  pushed  in  many  different  localities  to  the  beautiful  garden 
furniture  which  is  being  made  to  ornament  lawns  and  gardens 
of  our  modern  homes.  Great  canals  are  being  lined  with  con- 
crete while  even  boats  are  being  made  to  float  upon  their  waters. 

In  the  writer's  opinion,  the  use  of  concrete  as  applied  to 
the  larger  and  more  important  classes  of  buildings  and  even 
in  the  smaller  buildings  where  cost  is  a  secondary  consideration, 
will  continue  and  even  drive  out  of  use  other  forms  of  fire- 
proof con.struetion  now  used.  With  several  years'  experience 
in  the  smaller  type  of  buildings  it  has  been  found  that  solid 
or  monolithic  construction  of  walls  and  floors  is  made  un- 
warrantably costly  by  the  expense  of  building  the  wooden 
forms  as  in  a  small  building  the  cost  of  building  these  forms 
must  necessarily  be  larger  in  proportion  than  in  the  larger 
buildings. 

Many  architects  and  many  builders  are  experimenting 
in  different  forms  of  portable  units  of  reinforced  concrete  for 
floor  construction,  which,  taken  together  with  a  satisfactory 
form  of  hollow  blocks  in  wall  construction,  should  lead  to  a 
practical  as  well  as  an  economical  typie  of  buildings.  Several 
forms  of  portable  "joists"  made  of  reinforced  concrete,  have 
been  placed  on  the  market,  but  as  yet  have  not  been  tested 
out.  These  joists  are  so  formed  that  when  set  in  position  they 
form  a  portion  of  a  continuous  floor,  while  others  are  arranged 
to  form  also  a  continuous  ceiling.  These  joists  are  economical 
of  concrete  and  also  of  reinforcing  material  and  have  been 
made  of  great  strength.  The  type  of  hollow  concrete  blocks 
which  show  a  uniform  "  rock-face  "  pattern  on  each  block 
is  recognized  by  all  architects  and  lay  men  alike,  as  giving 

♦Class  1899.     Spencer  &  Powers,  Architects,  Chicago,  111. 
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a  result  which  is  an  eye-sore  even  if  same  is  a  good  type  of 
wall  construction.  With  a  flat-faced  block  which  is  bush- 
hammered  after  erection  a  pleasing  exterior  can  be  obtained 
or  flat-faced  blocks  may  be  cast  in  moulds  to  imitate  what  is 
known  in  stone  cutting  as  tooth-chiselling.  If  the  courses  of 
such  walls  are  laid  up  with  varying  heights  arranged  to  give  a 
decorative  effect  an  attractive  result  can  be  obtained.  No 
matter  what  design  is  given  to  the  exterior  of  such  blocks  or 
even  to  obtain  a  satisfactory  appearance  in  solid  concrete,  the 
materials  composing  the  concrete  must  be  selected  both  in  the 
cement  and  in  the  aggregate,  as  no  color  is  more  disagreeable 
in  a  wall  than  the  natural  cement  color. 


Fig.  1.     Front -View  of  House  Nearly  Completed. 
Concrete  on  roof  of  porch,  gutters  and  downspouts  have  not 
been  installed. 


We  see  many  references  in  the 
Idea  "  of  concrete  construction, 
this  method  it  is  proposed  to  build 
in  steel  and  iron,  even  going  so  far 
the  bath  tubs,  wash  basins,  cook 
of  the  fixed  furniture  which  will 
walls  and  floors  when  the  concrete 


public  press  to  the  "  Edison 
As  the  writer  understands 
forms  for  a  complete  house 
as  to  shape  in  these  moulds 
stoves  and  possibly  some 
be  forced  along  with  the 
is  poured  into  the  moulds. 
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As  a  set  of  forms  for  each  design  will  cost  in  the  neighborhood 
of  twenty-five  to  thirty  thousand  dollars,  it  necessarily  fol- 
lows that  several  hundred  houses  or  buildings  must  be  built 
from  one  set  of  forms  before  this  type  of  construction  be- 
comes economical  and  the  prevalence  of  such  method  of  build- 
ing will  result  in  whole  streets,  even  towns,  being  built  with 
all  the  houses  exactly  alike,  which  would  certainly  be  most 
unfortunate.  Much  attention  is  being  devoted  at  present  to 
obtaining  characteristic  and  individual  houses  which  fit  their 
sites  and  occupants. 

Another  influence  leading  to  the  extensive  use  of  concrete 
and  other  fire-proof  materials  is  the  fact  that  the  lumber  which 
we  are  now  obtaining  for  use  in  our  buildings  is  steadily  in- 
creasing in  cost  while  at  the  same  time  its  quality  is  decreasing 
and  today  we  are  using  lumber  which  ten  years  ago  would  have 
been  considered  fit  only  for  kindling  wood. 

AVith  these  facts  in  mind,  a  firm  of  which  the  writer  is  a 
member,  has  been  endeavoring  to  find  a  method  of  building 
which  though  perhaps  not  entirely  fire-proof  would  lead  to  the 
use  of  fire-resisting  materials.  It  has  been  found  that  the  use 
of  a  combination  of  various  materials  is  cheaper  at  present  than 
the  exclusive  use  of  concrete. 

The  house  which  is  illustrated  in  this  article  is  a  result 
of  an  experiment  by  this  firm  and  a  progressive  builder  and 
owner.  ]\Ir.  A.  Baxter,  and  was  built  in  Park  Ridge.  Illinois. 
Although  not  entirely  completed,  the  work  is  so  far  done  that 
the  cost  can  be  determined.  The  outside  walls  of  this  house 
were  built  of  12  in.  x  12  in.  x  8  in.  hard  burned  partition  tile  with 
double  air  spaces.  The  tile  below  groujid  were  glazed  and  all 
were  laid  in  good  Portland  cement  mortar.  Over  the  larger 
window  openings  the  tiles  were  laid  Avith  webs  running  horizon- 
tally and  were  filled  with  concrete  Avith  a  couple  of  rods  run 
through  the  lower  spaces,  thus  forming  concrete  beams  encased 
in  the  tiles.  Cement  base  course  was  run  around  the  building 
at  the  top  of  the  ground.  Window  sills  were  covered  with  a 
tile  which  is  ordinarily  used  to  cover  flat  roofs.  These  tile 
are  6  in.  x  9  in.  and  1  in  thick,  and  were  set  at  a  sufficient  angle 
to  give  a  good  water  shed,  projecting  about  an  inch  from  the 
wall.  As  these  tiles  have  a  soft  light  red  color,  the  sills  give 
a  needed  color  touch.  Outside  the  tile  wall  was  plastered  with 
two  coats  of  plaster,  first  coat  being  of  good  cement  mortar 
trowelled  to  a  comparatively  smooth  finish  and  thoroughly 
scratched.  The  plaster  was  also  carried  around  on  the  reveals 
of  the  windows,  giving  the  house  a  good  masonry  look.  Over 
this  first  coat  was  applied  a  specially  prepared  plaster  which 
came  to  the  .job  ready  mixed  and  only  needed  the  addition  of 
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water  to  be  ready  for  putting  on  the  wall.  This  last  coat  of 
plaster  was  applied  as  a  rough  cast  coat  and  was  thrown  from 
paddles  in  a  semi-liquid  form.  This  plaster  was  also  water- 
proofed at  the  factory  and  was  obtained  in  a  light  ivory  color. 
The  use  of  this  prepared  plaster  does  away  with  much 
worry  on  the  part  of  the  architect  and  also  of  the  contractor, 
as  to'  whether  the  color  of  the  finished  plaster  will  be  a  happy 
shade  and  have  a  uniform  tone. 


Fig.  3.    Front  View   During  Construction,  showing   roof  con- 
struction BEFORE  CONCRETE  WAS  APPLIED. 


To  obviate  the  expense  of  building  forms  for  concrete  floors 
or  even  concrete  girders,  a  material  for  floor  and  roof  con- 
struction was  adopted,  which  is  a  form  of  "  metal  lumber," 
so-called,  which  is  manufactured  in  Canton,  Ohio.  This  "  lum- 
ber "  is  composed  mostly  of  I-beam  and  channel  shapes.  The 
I-beams  consisting  practically  of  two  channels  riveted  together 
back  to  back.  The  metal  used  in  this  lumber  varies  from  16 
to,  18  gauge,  and  the  lower  flanges  of  both  I-beams  and  chan- 
nels are  punched  at  intervals  of  8  to  10  inches  to  form  a 
sort  of  prong  which  projects  downward  vertically  from  the 
face  of  the  flange  so  that  metal  lath  placed  against  the  flanges 
can  be  secured  to  them  by  simply  bending  over  and  hammer- 
ing down  these  prongs,  which  is  very  quickly  and  easily  done. 
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With  a  set  of  heavy  tinsmith's  tools,  such  as  shears  and 
punches,  these  I-beams  and  channels  can  be  framed  together 
quite  readily  with  little  experience. 

The  first  and  second  floors  of  the  house  are  carried  on 
metal  I-beam  joists  of  this  kind,  placed  16  in.  on  centers.  The 
interior  bearing  walls  carrying  the  first  and  second  floors  were 
built  of  8  in.  tile  similar  to  the  outside  walls  of  the  house. 
The  roof  was  framed  in  a  similar  manner  to  the  floors,  using 
a  channel  instead  of  an  I-beam  shape  for  the  rafters. 


Fig.  4.     Rear  View  During  Construction,  showing  construction 

of  rear  porch. 

Even  the  makers  of  this  new  material  did  not  seem  to  know 
positively  just  how  much  could  be  figured  for  a  safe  load  and 
in  this  instance  the  channels  proved  a  little  too  light  to  carry 
stiffly  the  concrete  slab  of  the  roof  and  in  another  building 
of  this  kind  the  use  of  I-beams  for  rafters  would  be  recom- 
mended. 

On  top  of  the  metal  channel  rafters  a  corrugated  sheet 
metal  plate  was  used  upon  which  a  concrete  slab  2  in.  thick 
was  installed.  This  2  in.  concrete  slab  was  composed  of  a  good 
cement  concrete  of  ordinary  materials  and  upon  this  was 
placed  a  finish  cement  coat  of  specially  prepared  ceiment 
plaster  colored  to  a  reddish  brown  tone  and  water-proofed 
by  the  addition  of  a  patent  water-proofing  compound.     This 
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was  floated  on  the  roof  to  a  reasonably  smooth  but  not  a  glossy 
finish.  The  underside  of  the  corrugated  metal  forming  the 
supiiort,  for  tlie  concrete  roof  was  capable  of  holding  plaster 
underneath  and  was  plastered  between  rafters.  To  av-oid 
cracking  of  the  concrete  of  the  roof  from  expansion  and  con- 
traction due  to  changes  in  temperature,  two  joints  were  made 
running  up  and  down  the  roof  on  each  side.  The  edges  of 
these  joints  were  raised  to  shed  water  away  from  the  joints 
and  the  joints  carefully  caulked  with  oakum  and  filled  on 
top  with  a  water-proof  compound. 


Fig.  5.    View  in  Basement,  showing  construction  of  first 
FLOOR.    Note  metal  joist  and  bridging. 


The  photographs  taken  in  the  basement  and  second  storj'' 
of  the  building,  reproduced  herewith,  show  examples  of  metal 
I-beams  used  in  the  first  floor  and  channels  used  in  the  roof 
constructions.  They  also  show  the  corrugated  metal  used  for 
carrying   concrete   roof  slab.     The   method    of  metal   ribbon 


Jau.  1900] 


POWERS:     CONCRETE  HOUSE 


59 


bridging  used  to  tie  the  rafters  and  joists  together  is  also 
shown.  Photographs  of  the  building  made  during  progress 
of  erection  show  the  roof  construction  in  the  main  roof  of  the 
house  and  of  the  porch  on  the  rear. 

For  the  structural  members  of  the  partitions  in  the  second 
story  a  new  form  of  stud  was  used,  made  of  plaster  material 
in  sizes  about  3i/o  inches  sciuare,  having  a  core  about  1  inch 
square  of  wood  to  give  to  the  plaster  the  necessary  tensile 
strength.  These  studs  have  been  found  satisfactory.  To  these 
studs  a  plaster  board  was  nailed,  on  which  two  coats  of  hard 


Fig.  6.    V[e\v  in  Second  Story,  showing  construction  of  roof. 
Note  metal  rafters  and  ceiling  joists,  and  corrugated 

METAL  centering  CARRYING  CONCRETE  ROOF  SLAB. 


plaster  were  applied.  A  little  better  wall,  probably  not  very 
much  more  expensive,  would  have  been  obtained  by  the  use 
of  metal  lath  nailed  to  the  plaster  stud.  The  inside  of  the 
outside  walls  was  plastered  directly  on  the  tile.     The  ceilings 
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of  the  first  and  second  stories  were  finished  with  three  coats 
of  hard  plaster  applied  to  metal  lath  secured  to  the  joists  and 
rafters  by  making  use  of  the  prongs  already  described. 

As  the  I-beam  joists  in  the  floor  construction  were  double, 
wood  floor  strips  were  nailed  to  them  by  nailing  into  the 
joint  between  the  two  parts  of  the  joists.  To  these  nailing 
strips  a  rough  floor  of  matched  boards  was  secured  in  the 
usual  manner.  On  top  of  this  rough  floor,  finished  floors  of 
oak  or  maple  were  nailed  after  laying  down  two  thicknesses 
of  heavy  deadening  quilt  in  the  same  manner  as  wood  floors 
are  laid  in  a  frame  house. 

The  floor  of  the  front  porch  is  also  carried  on  metal  joists 
on  top  of  which  corrugated  metal  centering  was  placed  to 
carry  a  concrete  slab  on  which  tile  similar  to  tiles  used  in 
window  sills  was  laid  in  cement  mortar.  The  floor  of  the  rear 
porch  is  of  cement  finished  concrete  laid  on  filled  ground. 

The  doors  and  windows  and  interior  doorways  were  trim- 
med in  the  usual  manner  with  narrow  wood  casings.  The 
stairway  from  basement  to  second  floor  was  built  up  Avith 
"metal  luml)er"  and  corrugated  metal  centering  and  formed  in 
concrete.  This  concrete  was  stained  and  painted  with  speci- 
ally prepared  material   for  this  purpose. 

From  this  description  it  can  be  seen  that  the  only  com- 
bustible materials  used  in  this  house  were  for  the  window 
frames,  sash,  rough  and  finished  floors  and  the  necessary  win- 
dow and  door  trim  and  built-in  cupboards  and  cases.  It  can 
be  observed  from  the  accompanying  illustrations  and  plans 
that  though  the  rooms  are  small  there  are  more  of  them  than 
is  usual  in  a  house  of  this  size,  but  the  owner  and  builder 
claims  that  he  could  take  a  contract  to  reproduce  the  house, 
everything  included,  and  at  a  fair  profit,  for  $3800.  This 
is  but  little  if  any  more  than  the  same  house  would  cost  if 
built  in  frame  construction,  using  the  same  quality  of  outside 
plastering  and  interior  finish. 

In  an  experiment  of  this  kind,  one  should  always  expect 
to  find  some  places  where  better  construction  can  be  had, 
and  another  similar  house  is  now  being  considered  in  which 
the  outside  walls  and  floor  construction  will  be  of  the  same 
materials,  while  the  roof  will  be  constructed  of  metal  I-beams 
covered  wnth  a  type  of  metal  lath  which  has  high  ribs  about 
4  inches  apart,  designed  in  such  a  manner  that  these  ribs  give 
the  lath  sufficient  strength. so  that  a  concrete  slab  with  spans 
of  21/2  or  3  feet  can  be  installed  without  centering  by  first 
applying  the  concrete  about  li/o  inches  thick  to  the  top  of 
the  lath  and  afterwards  plastering  on  underside  about  % 
inch  thick.     This  concrete  is  to  be  composed  of  cinders  and 
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cement.  Cinder  concrete  is  not  only  light  in  weight  but 
has  the  property  of  allowing  nails  to  be  driven  into  it  and 
affording  good  hold  for  same.  Wood  strips  can  thus  be  nailed 
to  this  cinder  concrete  and  on  these  strips  a  tile  roof  can  be 
applied  quickly  and  with  a  comparative  cheapness  of  cost. 

Another  modification  to  make  a  building  still  more  fire- 
proof, would  be  the  installation  of  cinder  concrete  slabs  on 
top  of  metal  joists  in  floors  on  which  can  be  laid  some  form 
of  the  many  asbestos  compositions  now  on  the  market  which 
can  be  installed  in  very  pleasing  colors  and  make  very  durable 
floors.  This  would  make  a  very  sanitary  installation,  especi- 
ally if  a  cove  base  were  used  in  connection  with  same. 

Another  step  toward  the  nearly  complete  omission  of 
wood,  would  be  the  installation  of  moulded  cement  casings 
to  be  run  by  the  plasterer  around  all  doors  and  windows 

If  the  statement  of  the  builder  can  be  credited,  a  house 
of  this  size  in  this  type  of  construction  can  be  entirely  com- 
pleted within  six  weeks  should  there  be  no  delay  in  obtaining 
materials.  The  writer  does  not  claim  that  this  house  is  satis- 
factory in  every  way,  but  in  his  opinion  with  a  year  or  two 
more  in  which  to  work  out  details  and  to  give  the  workmen 
familiarity  with  the  materials  in  hand,  the  future  home  builder 
would  make  a  great  mistake  not  to  consider  such  a  type  for 
his  building. 


THE  MORGAN  GAS  PRODUCER  INSTALLATION  AT  GARY 
BY    W.    R.    WILSON.* 

It  has  been  well  said  that  the  rise  of  the  Gary  Steel  Plant 
is  a  great  act  of  faith.  It  is  faith  in  a  single  process  to  set 
aside  over  one  hundred  millions  to  construct  on  the  sands 
at  the  southermost  shore  of  Lake  Michigan  the  world's  greatest 
Steel  Plant.  Without  parallel  this  seems  in  modern  history, 
except  in  the  fiat  of  Peter  the  Great  to  build  Russia's  capital 
on  a  morass  at  the  mouth  of  the  Neva.  For  fifty  years  now 
the  Bessemer  Process  has  been  king  in  Steel  making ;'  it  revolu- 
tionized this  industry  and  through  it  all  industry,  and  it 
holds  undisputed  sway  when  such  items  are  considered  as. 
first  cost,  cost  per  ton  output,  capacity  per  square  foot  of 
ground  space,  and  capacity  in  tonnage  per  tAventy-four  hours. 
In  the  face  of  all  this  a  great  plant  of  sixteen  blast  furnaces 
to  turn  out  7200  tons  of  pig  iron  every  day  is  being  construc- 
ted without  a  single  Bessemer  Converter.  Quietly  a  rival  has 
been  at  work  for  the  last  thirty  years  until  its  supremacy 
in  America  is  insured  and  now  asserted.  The  supplanter  is 
the  Open  Hearth  Process  invented  bv  Sir  William  Siemens 
in  1856. 

Nature  it  seems  is  against  the  Bessemer  Process  in  America. 
The  railroads,  which,  on  account  of  their  taking  about  60% 
of  the  steel  makers'  product,  are  the  steel  makers'  first  con- 
sideration, have  demanded  a  hisrher  grade  rail  containing  much 
lower  percentages  of  impurities,  phosphorous  in  particular, 
than  was  even  supposed  deleterious  in  the  past.  But  while 
the  railroads  have  raised  their  standard.  Nature  in  America 
has  lowered  hers.  The  low  phosphorous  ores  have  been  rapidly 
diminishing  until  now  the  limit  of  the  supply  is  plainly  in 
sight.  This  implies  the  relegation  of  the  Bessemer  Process, 
because  it  is  unable  to  cope  Avith  phosphorous,  except  in 
smaller  percentages. 

The  Open  Hearth  Process  was  patented  in  1856  and  1861 
by  Frederick  and  William  Siemens.  In  twenty  years  of  in- 
defatigable zeal  the  brilliant  Sir  William  Siemens  l)roughi  it 
into  successful  adoption  about  1875.  During  those  years  he 
developed  those  distinguishing  features.  Avhich  since  then  have 
found  improvement  only  in  detail.  The  essentials  of  this  pro- 
Cess  are  four: — an  individual  fire  box  or  Siemen's  Gas  Pro- 
ducer; a  set  of  regenerative  checker-brick  chambers;  an  open 
— » 
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hearth  with  reverberatory  low-areh  roof,  and  a  chimney  with 
proper  flues  and  valves  for  directing  the  course  of  the  gases. 
The  last  thirty  years  have  not  altered  these  f undaimentals ; 
their  experience  has  served  only  in  the  development  of  each 
as  a  separate  unit.  In  consequence,  to-day  we  see  the  Gas 
Producers  farther  removed  from  the  hearth  and  perfected  both 
as  units  and  as  flexible  systems  of  units;  we  have  the  regen- 
erative chambers  (four  in  number,  two  for  air  and  two  for 
gas)  removed  from  their  original  position  underneath  the 
hearth  to  a  place  between  the  hearth  and  the  producers. 


Fig.  1.    View  of  No.  4  Open  Hearth,  containing  fourteen  60  ton 
open  hearth  furnaces. 


Gary  represents  the  highest  development  of  Open  Hearth 
design,  though  in  some  respects  but  little  superior  to  the  21 
million  dollar  plant  of  the  Bethlehem  Steel  Co.  a  few  years 
forerunner  in  the  act  of  faith.  The  object  of  this  article,  how- 
ever, is  to  examine  only  the  Gary  practice  as  to  one  feature — 
its  Gas  Producers,  one  hundred  and  forty  of  which  have  been 
installed  on  the  first  two  Open  Hearth  plants  by  the  Morgan 
Construction  Co.,  of  Worcester,  Massachusetts. 

Gas  Producers  in  a  very  crude  form  have  been  used  in 
Wales  ever  since  coal  mining  began  there,  but  Gas  Producers 
and  Gas  Firing  as  an  industrial  process  were  initiated  and  de- 
veloped by  Sir  William  Siemens.  Both  oil  and  natural  gas 
have  been  used  for  many  years  in  Pennsylvania  furnaces,  but 
w^ith  the  limit  of  supply  in  sight  and  the  consequent  rise  in  the 
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cost,  Producer  Gas  has  been  proven  to  give  more  heating  power 
and  more  gas  for  one  dollar  than  any  other  fuel.  It  is  inter- 
esting to  note  the  points  of  departure  in  Producer  practice 
between  the  ideas  of  Siemens  and  those  embodied  in  the  Mor- 
gan work. 

The  Siemens  Producer  had  an  inclined  grate,  air  being  ad- 
mitted in  front  and  below  as  in  our  boilers.  The  Morgan  Pro- 
ducer is  of  the  grateless  type,  with  a  bed  of  ashes  resting  in  a 
water  filled  bottom  pan  as  the  foundation  for  the  coal  in  the 
gasifying  zone.  The  ashes  are  pulled  out  through  the  water 
from  time  to  time  by  ordinary  laborers  with  ash  hoes,  so  that 
the  gasifying  proceeds  continuously.  To  sustain  the  process 
coal  is  fed  in  at  the  top,either  with  hand  feeds,  or  with  George 
Paten  Automatic  Feeds.     The  latter  give  a  mechanical  distri- 


FiG.  2.    A  Quarter  Mile  of  Producer  Shells  on  Foundations. 


bution,  saving  as  high  as  10%  in  coal  consumption.  In  these 
ways  there  need  be  no  interruption  in  operation  for  365  days 
in  the  year ;  no  repairs  in  grates ;  no  stoppage  for  cleaning  out. 
The  lining  of  fire  brick  with  ordinary  precaution  should  not 
need  replacement  in  less  than  four  or  five  years.  Gas,  uniform 
both  in  quality  and  quantity,  is  insured,  as  well  as  the  aiito- 
matic  disintegration  of  clinkers. 

The  draught  in  the  Siemens  Producer  was  obtained  on  the 
syphon  principle  of  making  two  legs  of  unequal  length  in  the 
gas  flue,  the  farther  from  the  Producer  being  the  longer  to  give 
induction.     This  necessitated  setting  the  Producers  relatively 


Fig.  3.    Office  and  Gas  Producer  Ruilding  alongside  of  open 

hearth  plant. 
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higher  than  the  furnaces.  On  the  other  hand  the  Morgan  Pro- 
ducer is  blown  by  steam  and  air  introduced  underneath  in  a 
big  injector  and  distributed  in  an  even  blast  throughout  the 
fuel  by  a  four-ringed  conical  hood  centrally  located  inside. 
This  makes  it  a  pressure  Producer.  Steam  is  introduced  with 
great  benefit,  principally,  in  diminishing  the  amount  of  nitro- 
gen, which  composes  79%  of  the  air  blown  in;  in  giving  com- 
bustible hydrogen  gas  in  return  for  the  heat  absorbed  in  its 
separation ;  by  enabling  the  Producer  to  work  at  a  much  higher 


Fig.  4.    Aerial    View    of  Quarter  Mile  of  Producer  Shells  on 

foundations. 


rate  without  overheating ;  and  lastly  by  softening  the  clinkers. 
30  pounds  of  steam  is  used  for  every  ton  of  coal  gasified  in 
twenty-four  hours. It  follows  from  this  method  of  blowing  that 
the  battery  of  Producers  is  now  placed  lower  than  the  furnace 
Hearth,  so  that,  whether  the  chimney  draught  is  operative  or 
not,  the  gas  will  naturally  rise. 
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In  construction,  the  Morgan  Producer  consists  of  a  cylin- 
drical steel  plate  shell  contracted  towards  the  bottom,  which 
extends  into  a  water  filled  ash  pan  formed  as  a  depression  in 
the  foundation.  The  shell  is  supported  by  four  cast  iron  feet 
in  the  concrete  of  the  ash  pan.  Between  these  feet  the  ash  is 
withdrawn.  At  a  height  of  about  three  feet  above  the  water 
level  in  the  ash  pan  a  number  of  sight  holes  are  provided 
around  the  circumference  of  the  Producer.  These  enable  the 
attendant  to  watch  the  zone  of  combustion  and  to  correct  any 
irregularity  in  its  level.  The  lining  consists  of  hard  fire  brick 
with  a  cushion  of  sand  or  cinder  1)ctween  it  and  the  steel  shell. 


Fig    5. 


\'iEw  OF  Seventy  Producers  on  charging  floor  showing 

HAND   COAL    FEEDS. 


The  top  of  the  Producer  is  covered  by  a  shallow  open  cast  iron 
pan  filled  Avith  water.  Through  a  central  opening  in  this  the 
coal  feeding  apparatus  communicates  with  the  interior.  Poke 
holes  closed  by  water  sealed  covers  are  placed  around  the  cen- 
tral opening.  The  height  of  Producer  top  above  the  founda- 
tion is  11  ft.  6  in. ;  the  outside  diameter  is  12  ft.  and  the  inside 
10  ft.     This  is  called  the  standard  Producer,  and  at  the  rate  of 
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10  pounds  of  coal  per  square  ft.  of  surface  per  hour  will  gasify 
about  one-half  a  ton  of  coal  per  twenty-four  hour  day.  The 
large  advantage  of  these  proportions  in  the  Producer  are.  to 
make  the  fire  zone  midway  between  the  top  and  bottom  of  the 
Producer,  thus  giving  a  great  uniformity  in  quality  in  the  gas ; 
and  a  wide  range  of  gasifying  capacity,  running  as  high  as  15 
pounds  of  coal  per  square  ft.  of  surface  per  hour. 


Fig.  6.     A   Quarter  Mile  of  Gas  ProducersJand  Gas  Flues  sup- 
plying ONE  OPEN  hearth  PLANT. 


Gas  is  generated  at  the  rate  of  about  60  cu.  ft.  per  pound 
of  coal  with  a  heat  value  of  from  150  to  200  P.  T.  U.  per  eul)ic 
foot.  Its  comparison  with  other  industrial  gases  is  evident 
when  tabulated: 

Blast  Furnace  Gas 80  to       90  B.  T.  U. 

Producer  Gas 150  to     200  B.  T.  U. 

Coke    Oven    Gas, 450  to     550  B.  T.  U. 

Water  Gas, 600  to     700  B.  T.  U. 

Natural  Gas,    900  to  1100  B.  T.  U. 

The  Gary  installation  of  the  Morgan  Construction  Com- 
pany is  the  largest  single  Producer  contract  ever  let,  and  con- 
sists of  140  ten  ft.  Gas  Producers  in  two  aggregations  of  70 
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each,  supplying  two  great  Open  Hearth  Plants.  Each  Open 
Hearth  plant  is  the  largest  of  its  kind  in  the  world,  consist- 
ing of  fourteen  60  ton  furnaces.  For  each  furnace  a  battery 
of  five  Producers  is  required.  Their  gas  is  led  through  a  54-in.' 
gas  flue  into  the  Open  Hearth  building.  The  gas  main  there 
divides  into  two  distributing  pipes,  each  leading  to  under- 
ground flues,  and  thence  to  a  Dyblie  Gas  Reversing  Valve  and 
into  a  gas  regenerator  chamber.  The  gas  then  passes  into  one 
of  the  two  parts  of  an  Open  Hearth  Furnace.  The  temperature 
of  the  gas  leaving  the  Producer  is  about  1200  degrees  Fahr., 
which  is  increased  to  about  2500^  Fahr.  in  the  regenerator. 
The  whole  current  at  the  height  of  the  melting  operation  passes 
through  one  regenerator  fifteen  minutes  until  reversal  when  it 
is  diverted  through  the  other  one,  which  was  heated  up  by  the 
outgoing  gases  on  their  way  to  the  stacks.  Free  air  is  taken 
in  through  a  large  Dyblie  Air  Reversing  Valve  and  preheated 
in  the  air  regenerator  chamber,  uniting  with  the  hot  gas  at  the 
port  of  the  furnace,  and  giving  combustion.  It  likewise  is  re- 
versed through  the  other  air  regenerator  at  the  time  of  gas  re- 
versal. On  the  two  Open  Hearth  plants  1.53  miles  of  gas  flues 
were  installed  leading  from  the  Producer  to  the  valve,  all  being 
lined  with  hard  fire  brick.  The  total  installation  of  Producers 
and  flues  required  a  lining  of  one  million  and  a  quarter  fire 
brick. 

Coal  is  carried  up  above  the  Producer  charging  floor  on  a 
trestle  track  where  the  cars  dump  into  bins,  leading  to  two 
crushers.  These  crusher  plants  are  situated  one-third  of  the 
length  of  the  installation  apart  and  break  the  coal  to  such  a 
size  as  will  pass  a  2-inch  mesh.  Two  Bartlett  &  Snow  Con- 
veyors elevate  the  crushed  coal  to  two  overhead  storage  bins, 
each  holding  600  tons.  From  these  bins  it  is  drawn  by  four 
overhead  charging  cranes  of  five  tons  capacity  each  and  fed  to 
the  individual  Producer  hoppers.  Each  crane  is  equipped  with 
scales. 

A  conception  of  the  size  of  each  aggregation  which  stretches 
for  1200  ft.,  or  about  a  quarter  of  a  mile  alongside  of  an  Open 
Hearth  plant  can  be  obtained  from  a  few  figures  of  coal  con- 
sumed and  gas  generated.  Each  installation  of  seventy  Pro- 
ducers running  at  normal  capacity  will  need  800  tons  soft  coal 
per  24  hour  day  or  twenty  40  ton  carloads,  which  means  that 
for  every  running  hour  of  this  plant  one  car  of  coal  is  con- 
sumed. From  this  coal  close  to  4,000,00  cu.  ft.  of  Producer 
gas  is  generated  every  hour,  or  about  100,000,000  cu.  ft.  every 
twenty-four  hour  day.  Average  practice  shows  that  it  takes 
about  800  pounds  of  coal  to  melt  a  ton  of  steel;  hence,  2,000 
tons  of  steel  can  be  melted  per  twenty-four  hour  day,  each  ton 
requiring  50,000  cu.  ft.  of  gas. 
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The  Morgan  Construction  Company  are  the  sole  manufac- 
turers of  the  Dyblie  Keversing  Valve.  They  have  equipped 
both  Open  Hearth  Plants,  requiring  three  valves  per  furnace, 
or  eightj'-four  valves  to  the  pail  and  billet  mills'  soaking  pits, 
giving  a  total  contract  of  132  valves. 

There  are  three  types  of  gas  valve — known  as  the  Mush- 
room, the  Butterfly  and  the  Rotating.  The  Mushroom  type  is 
the  crudest,  and  necessitates  eight  valves  per  furnace  and  an 


Fig   8.    Dyblie  Water  Sealed,  Water  CoOLto  Reversing  Valve 


elaborate  system  of  flues  for  reversing.  In  the  heat  to  which 
the  valves  are  subjected  it  is  next  to  impossible  to  keep  the 
Mushroom  in  shape  to  seat  itself  tightly.  The  Butterfly  type 
has  been  long  in  vogue,  water  cooled  and  otherwise,  but  will 
never  be  constructed  not  to  burn  out  rapidly  and  to  warp  badly. 
The  water-sealed  and  the  water-cooled  valve  seems  to  meet  the 
situation  best.  Of  this  type  the  Dyblie  Valve  is  obtaining  a 
wide  reputation  as  having  the  greatest  simplicity,  reliability 
and  economy  with  the  least  depreciation. 

The  Dyblie  Valve  is  maufactured  with  three  or  four  ports. 
It  consists  of  a  Base  Casting  or  valve  seat,  a  steel  plate  cylin- 
drical Shell  or  Casing,  and  a  Superstructure.  The  Base  Cast- 
ing is  the  valve  seat  through  which  the  gases  enter  and  leave, 
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being  diverted  by  the  compartments  of  the  casing.  The  casing 
is  water-cooled,  and  rests  on  the  Base  in  a  waterseal.  The 
Superstructure  is  built  on  a  basis  of  two  I  beams  mounted  on 
four  vertical  angles  bolted  to  the  Base  Castings  in  pairs  and 
holds  two  hydraulic  cylinders,  which  operate  the  valve  by  a 
horizontal  piston.  This  piston  accomplishes  two  purposes  at 
onec ;  it  moves  a  horizontal  cam,  which  raises  the  valve  Casing 
enough  above  its  seat  to  permit  its  turning  above  the  flanges  of 
its  seat  without  breaking  the  water  seal.  At  the  same  time  it 
advances  a  big  finger,  called  the  Valve  Turner,  which  engages 
a  turning  cam  on  the  vertical  shaft  of  the  valve  casing  and 
moves  the  easing  either  Vs  or  14  ^  revolution  according  as  the 
valve  is  three-or  four-ported.  The  cylinders  are  single  stroke 
and  work  under  a  hydraulic  pressure  of  often  500  pounds  per 
sq.  in.,  though  150  pounds  will  turn  the  valve  when  working 
smoothly.  All  flues  are  underground,  leading  into  and  away 
from  the  valve.  It  is  evident  from  this  design  that  there  can  be 
no  warping  or  improper  seating  to  give  leakage  of  gas;  that  the 
mechanism  is  very  simple  and  compact,  giving  easy  control 
and  little  repair.  Each  furnace  requires  two  three-ported  gas 
air  valves. 


THE   WESTINGHOUSE   NERNST  LAMP;   ITS   DEVELOP- 
MENT, CHARACTERISTICS,  AND  COMMER- 
CIAL STATUS. 
BY    A.    L.    EUSTICE.* 

Within  a  period  extending  over  the  last  five  years,  the 
electrical  interests  have  witnessed  great  activity  in  the 
direction  of  improved  efficiency  in  station  equipments  and  dis- 
tribution systems  and  even  more  rapid  progress  has  been  made 
in  the  means  of  converting  electrical  energy  into  light — and  the 
efficiency  of  application. 

While  it  is  probable  that  many  readers  are  more  or  less 
acquainted  with  the  old  Nernst  lamp,  not  only  in  its  general 
construction  but  also  in  the  electrical  characteristics  of  its  ele- 
ments and  the  history  of  its  development,  still  it  may  be  well 
to  touch  briefly  upon  these  points  that  comparisons  with  the 
later  product  maj^  be  more  forcibly  brought  to  your  attention. 

In  the  development  of  high  efficiency  lamps,  the  appear- 
ance of  the  A.  C.  Nernst  lamp  in  America  in  1901  marked  the 
first  step  in  high  efficiency  in  a  commercial  lamp  and  further 
gave  that  high  efficiency  in  incandescent  units  of  larger  size 
than  was  the  practice  at  the  time,  thereby  filling  the  existing 
gap  between  the  carbon  incandescent  and  the  arc.  The  value 
of  high  efficiency  in  medium  and  large  units  was  immediately 
recognized  and  within  a  short  time,  the  demand  on  vacuum  in- 
candescent lamps  resulted  in  the  marketing  of  the  Meridian 
lamp,  a  lamp  showing  little  gain  in  efficiency  but  a  decided  step 
forward  in  size  and  distribution  of  light. 

A  little  later  the  metallized  filament  (GEM)  lamp  appeared 
with  an  increased  efficiency  over  the  Meridian  and  in  units  of 
still  larger  size.  But  scarcely  had  the  lamp  consimiers  been 
acquainted  with  this  new  lamp  until  it  M'as  announced  that 
another,  the  Tantalum  was  ready  for  the  market.  The  Tanta- 
lum showed  a  decided  increase  in  efficiency  but  the  size  did 
not  fulfill  the  requirements  of  the  users. 

Although  the  three  vacuum  lamps  above  mentioned  were  all 
heralded  as  a  great  success,  the  lamp  consumers  were  not 
thoroughly  familiar  with  their  performance  when  they  were  all 
superseded  by  the  Tungsten  lamp,  which  has  not  yet  been 
marketed  for  a  sufficient  length  of  time  to  enable  one  to  judge 
of  its  performance  and  commercial  value.  Extraordinary  ac- 
tivities in  the  development  of  the  Nernst  glower  have  placed 
the  Westinghouse  lamp  at  the  head  of  the  list  of  high  efficiency 
incandescent  units,  which  position  it  unquestionably  occupies  at 
the  present  time. 


*Class  1907.     Photometric  Expert  and  Illiimiuating  Engiueer,  The  Nernst  Lamp 
Co.,  Pittsburg,   Pa. 
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NotHvithstanding  the  rapid  appearance  of  the  various 
vacuum  high  efficiency  lamps,  the  demand  for  A.  C.Nernst  lamps 
steadily  increased  and  in  1907  the  Direct  Current  lamp  was 
placed  on  the  market ;  not,  however,  until  laboratory  investiga- 
tion and  one  commercial  installation  of  4,500  units  operating 
for  nearly  two  years  showed  that  the  D.  C.  Lamps  could  be 
manufactured  for  successful  operation.  About  a  year  ago.  a 
lamp  showing  a  gain  in  efficiency  of  37%  was  available  for 
both  alternating  and  direct  current  circuits ;  and  at  present  a 
still  higher  efficiency,  in  the  Westinghouse  Nernst  lamp,  so 
named  in  order  to  distinguish  it  from  the  old  and  now  ob- 
solete designs,  is  the  standard  product. 

The  Westinghoiise  Nernst  embodies  over  the  Nernst  lamps 
of  the  old  design,  an  increased  efficiency,  a  greater  variety  of 
sizes,  the  application  of  the  lamp  to  110  volt  service,  a  simpli- 
fied maintenance  or  renewal  system,  and  improvements,  in  me- 
chanical construction ;  and  also  maintains  the  additional  char- 
acteristic features  of  the  old  lamps :  namely,  low  maintenance 
cost,  natural  downward  distribution  of  light,  absence  of  flicker, 
pleasing  quality  of  light,  unity  power  factor,  maximum  flex- 
ibility, and  adaptability  to  artistic  fixture  design. 

The  development  of  the  Nernst  lamp  from  its  original 
crude,  unreliable  state,  when  first  introduced  in  America  by 
Mr.  Westinghouse,  into  the  efficient,  practical,  neat  appearing, 
commercial  lamp  of  the  present  day,  involved  the  solution  of 
serious  difficulties  which  were  encountered  at  each  step  for- 
ward. The  skill  of  the  scientist  and  chemist  was  taxed  in  the 
problem  of  separating  the  rare  elements  from  tne  earth  and 
combining  them  in  such  proportions  as  to  give  the  desired  per- 
formance. The  electrical  engineer  solved  the  complex  elec- 
trical problems  presented  by  solid  electrolytes  and  high  temper- 
ature conditions  in  the  circuits,  and  arranged  the  elements  so  as 
to  give  high  efficiency;  while  the  mechanical  engineer  and  de- 
signer were  taxed  to  produce  a  design  wdiich  would  fulfill 
commercial  requirements,  and  at  the  same  time  lend  itself  to 
any  architectural  treatment. 

The  elements  of  the  Nernst  Lamp  in  the  order  of  their 
importance  are  the  glower,  ballast,  heater,  cutout  and  the 
body.  In  the  consideration  of  the  performance  of  these  ele- 
ments it  is  not  my  purpose  to  describe  the  details  of  exhaustive 
experimental  research  but  rather  to  outline  a  few  of  the  more 
important  results  of  our  work. 

The  Glower,  or  the  light  emitting  element,  is  the  dis- 
tinguishing feature  of  the  lamp.  It  is  made  by  pressing 
through  a  die,  a  dough  composed  of  the  oxides  of  rare  earths 
mixed  with  a  suital)le  binding  material,  cutting  the  porcelain- 
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like  string  thus  made  into  proper  lengths,  drying,  roasting, 
and  finally  attaching  the  lead  wires.  It  is  about  1  inch  long 
1-32  inch  in  diameter  (the  exact  size  depending  upon  voltage 
and  current)  and  is  about  as  strong  as  a  piece  of  porcelain  of 
like  demensions,  and  in  short  sections,  is  rather  difficult  to 
break. 

At  ordinary-  temperatures,  the  glower  is  a  non-conductor 
but  becomes  a  good  conductor  when  heated  to  about  700  deg. 
Cent.  It  is  also  a  solid  electrolyte  whose  action  is  apparently 
improved  by  the  presence  of  oxygen.  Since  it  is  an  oxide,  and 
hence  incapable  of  further  oxidation,  it  is  capable  of  being 
operated  in  the  atmosphere  at  a  very  high  temperature.  How- 
ever, as  temperature  has  a  direct  bearing  on  efficiency,  it  is  de- 
sirable to  operate  the  glower  within  a  globe,  where  the  heat 
liberated  is  more  or  less  confined. 

Electrolytic  action,  as  might  be  supposed,  has  no  effect 
when  the  Glower  is  operated  on  alternating  current;  while  in  a 
glower  operating  on  direct  current,  its  effect  is  noticeable,  but 
is  compensated  for  by  employing  a  different  form  of  treminal. 
In  this  one  feature,  the  glower,  will  be  found  only  difference  in 
the  A.  C.  and  D.  C.  lamp. 

The  characteristic  of  a  glower,  with  reference  to  voltage 
and  current  when  operating  in  the  open  air.  is  remarkable ; 
and  has  given  rise  to  the  necessity  of  a  steadying  resistance. 
As  the  current  in  the  glower  is  increased,  the  voltage  across 
the  terminals  rises,  at  first  rapidly,  and  then  more  and  more 
slowly  to  maximum;  beyond  which  it  again  drops  off  with  in- 
creasing rapidity  as  the  current,  and  the  resulting  temperature 
through  the  glower,  continues  to  increase.  Beyond  the  point 
of  maximum  voltage,  the  decrease  in  resistance  of  the  glower  is 
so  rapid  as  to  make  the  current  difficult  to  control.  In  fact, 
without  a  steadying  resistance,  such  a  conductor  would  rapidly 
develop  a  short  circuit  and  "flash  out." 

In  studying  the  characteristics  of  the  glower  and  seeking 
for  methods  of  operation  under  the  best  possible  conditions, 
we  naturally  exploited  the  field  in  various  gases,  including  a 
vacuum;  and  although  the  experiments  in  this  direction  have 
been  more  or  less  exhaustive  from  a  scientific  standpoint,  the 
the  results  have  been  negative  so  far  as  practical  results  are 
concerned,  and  have  demonstrated  that  there  is  nothing  to  be 
gained  in  that  direction. 

The  characteristic  curve  in  vacuum  and  air  shows  a  wide 
variation  in  the  glower's  performance.  Aside  from  the  fact 
that  the  vacuum  shifts  the  point  of  normal  watt  efficiency  to  a 
much  lower  voltage  and  higher  current  density,  it  also  produces 
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a  characteristic  which  has  no  crest,so  that  all  points  lie  on  one 
side,  giving  a  decreasing  difference  of  potential  for  an  increas- 
ing current.  Such  a  condition  as  this  involves  the  use  of  a  re- 
latively large  steadying  resistance  and  renders  the  commercial 
operation  of  the  glower  inefficient.  Nitrogen  and  hydrogen 
curves,  as  in  the  case  of  the  vacuum  also  show  that  the  glower, 
when  operated  in  these  gases,  requires  a  large  steadying  resis- 
tance and  thereby  lowers  the  available  efficiency.  It  is,  how- 
ever, very  interesting  to  note  that  the  performance  of  the 
glower  in  the  air  and  oxygen  is  very  much  the  same,  and  fur- 
ther, that  the  absence  of  either  oxygen  or  air  produces  a  slug- 
gish action,  i.  e.,  it  responds  but  slowly  to  changes  in  line 
voltage. 

The  advantage  to  be  gained  by  the  use  of  a  steadying  re- 
sistance whic^i  would  enable  the  glower  to  be  operated  efficient- 
ly at  a  point  on  or  bej^ond  the  crest  in  the  characteristic  air 
curve,  is  at  once  apparent.  In  order  to  operate  under  all  con- 
■ditions  of  commercial  service  and  with  minimum  loss  under 
normal  conditions,  the  steadying  resistance  should  have  a  very 
marked  positive  temperature  correction,  and  at  the  same  time 
its  corrective  power  must  be  immediately  available.  As  an 
illustration :  if  the  glower  were  operated  on  or  beyond  the  crest 
of  the  characteristic,  the  current  could  obviously  be  controlled 
by  a  sufficiently  large  steadying  resistance  having  no  temper- 
ature correction,  but  such  resistance  would  very  materially  de- 
crease the  net  efficiency  of  the  glower.  On  the  other  hand,  if 
the  resistance  has  a  high  temperature  coefficient,  the  necessary 
steadying  r(^sistance  under  normal  conditions  may  be  very 
much  less  than  when  no  temperature  correction  is  present;  in 
which  case,  should  there  be  an  increase  in  voltage  above  nor- 
mal, the  corrective  power  of  the  steadying  resistance  would 
be  brought  into  service  to  check  any  abnormal  flow  of  current 
through  the  glower,  or  in  other  Avords,  to  take  up  the  addi- 
tional voltage.  As  already  stated,  however,  the  temperature 
correction  should  l)e  immediately  availal)le,  in  order  to  prevent 
the  glower  from  "  shooting  over  "  when  lighting  above  normal 
pressure ;  that  is,  take  more  current  the  moment  the  voltage  is 
applied  than  it  would  few  moments  later,  after  the  temperature 
correction  of  the  steadying  resistance  had  asserted  itself.  This 
would  also  be  the  case  in  any  sudden  increase  in  the  voltage 
applied  to  the  glower,  unless  the  corrective  power  of  the  steady- 
ing resistance  were  immediately  available  to  check  the  rush 
of  current. 

This  resistance,  commercially  termed  the  "  Ballast,"  is  a 
fine  iron  wire  mounted  in  a  glass  tube  filled  with  an  inert  gas. 
Its  remarkable  protective  power  can  readily  be  seen  when  for 
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a  rise  of  10%  iu  current,  its  resistance  increases  150%,  so  that 
a  glower  thus  protected  becomes  at  once  operative  throughout 
a  very  wide  range. 

As  already  stated,  the  Glower  is  a  non-conductor  when 
heated  to  a  certain  temperature.  For  service,  therefore,  it  is 
necessary  to  employ  some  means  to  bring  the  glower  up  to  a 
conducting  temperature.  This  is  accomplished  b}'  means  of  a 
small  electric  heater  placed  immediately  above  the  glower, 
which  not  only  effectively  heats  the  glower  in  a  minimum  time 
but  also  serves  as  a  light  reflecting  surface. 
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Fig.  1. 


The  current  iu  the  heater  is  controlled  by  an  automatic 
magnetic  gravity  cutout,  whose  armature  is  part  of  the  heater 
circuit  and  whose  winding  is  part  of  the  glower  circuit.  Thus, 
upon  closing  the  lamp  circuit,  the  heater  circuit  being  closed 
by  the  action  of  gravity,  takes  current  and  is  interrupted  as 
soon  as  sufficient  current  is  taken  by  the  glower  to  lift  the  arm- 
ature. 

Note,  graphically  (Fig.  1),  this  action  in  the  lamp  from 
the  moment  the  current  is  turned  on  until  the  glowers  in  a 
three-glower  lamp  are  all  in  operation.  During  the  first  30 
seconds,  the  current  taken  is  that  of  the  heater  only.  The 
glowers  then  start  to  take  current.  At  the  end  of  36  seconds 
the  cutout  acts,  throwing  the  heater  out  of  service.    Two  sec- 
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onds  later  the  second  glower  has  taken  normal  current  and  the 
third  is  rapidly  increasing  from  the  heat  of  the  other  two.  The 
glower  current  reaches  its  maximum  after  about  50  seconds, 
and  a  very  slight  drop  is  noticed  at  the  end  of  several  minutes 
after  the  lamp  body  and  ballasts  have  reached  their  normal 
operating  temperature  conditions. 

While  the  foregoing  remarks  relative  to  the  elements  of 
the  Xernst  lamp  apply  in  particular  to  the  older  types  of  lamp ; 
the  same  principles,  improved  in  many  respects,  also  apply  to 
the  new  Westinghouse  Xernst  type. 

In  the  new  lamp,  the  glower  has  been  improved  mechani- 
cally and  electrically.  The  addition  of  certain  radio-active  ma- 
terials in  the  gloAver  itself  results  in  a  more  uniform  candle 
power  performance.  A  new  terminal  design  materially  re- 
duces the  terminal  losses  due  to  the  Peltier  effect,  and  there- 
fore provides  a  longer  lighting  length  between  the  terminals 
for  the  same  voltage ;  and  the  use  of  a  hollow  glower  instead 
of  a  solid  rod,  as  was  the  former  practice,  provides  a  greater 
light-emitting  .surface  for  the  same  current.  The  combination 
of  tli/ese  features  results  not  only  in  a  higher  efficiency,  but 
also  is  a  better  individual  life  performance;  an  advance  which 
is  of  much  greater  importance  than  any  corresponding  increase 
in  average  life. 

While  I  wish  to  impress  the  fact  that  the  average  life 
performance  of  the  glower  has.  in  the  past,  exceeded  the  man- 
ufacturer's guarantee;  yet  comparatively  early  failure  of  the 
glower  was  not  infrequently  met.  The  successful  development 
of  the  glower  having  a  long  individual  life  gives  the  Westing- 
house  Xernst  lamp  a  distinctive  feature  found  in  no  other 
illuminant. 

The  normal  limits  for  operation  of  standard  glowers  are 
from  200  to  260  volts  on  220-volt  class,  and  100  to  130  volts 
on  110-volt  service.  Of  the  various  units,  the  Westinghouse 
X'^ernst  system  as  now  marketed  consists  of  six  units  for  use 
on  both  A.  C.  and  D.  C.  of  220-volt,  and  three  units  for  both 
A.  C.  and  D.  C.  of  the  100- volt  class ;  for  indoor  and  outdoor 
service,  which  are  popularly  termed  66,  88,  110,  132-watt  single 
glower,  2-glower,  3-glower  and  -l-glower  lamps.  Within  a  short 
time,  a  5-glower  lamp  will  be  added,  the  largest  incandescent 
unit  ever  offered  for  practical  illumination.  The  110-volt  lamps 
at  the  present  time  are  offered  only  in  three  sizes  of  single 
glower  units,  66,  110,  and  132  watts. 

The  Westinghouse  Xernst  may  be  classified  under  three 
heads :  multiple  glower  units,  single  glower  units,  and  chan- 
delier units. 
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The  mechanical  construction  of  the  multiple  glower  lamp 
presents  a  design  which  combines  simplicity  and  compactness. 
(Fig.  2.)  The  unsightly  exposed  terminals  and  supporting 
hook,  commonly  used,  have  been  replaced  either  by  a  fixture 
nipple  by  a  small  hook  through  which  the  service  wires  enter 
the  top  of  the  lamp  housing  and  terminate  in  two  binding  posts 
in  the  body  of  the  lamp. 


Fig.  2.    Sectional  View  of  Multiple-Glower  Westinghouse 
N ERNST  Lamp. 


Immediately  below  the  terminal  porcelain  is  the  section 
of  the  lamp  in  Avhich  the  ballasts  and  ballast  coolers  are  placed. 
The  ballast  coolers  are  built  up  of  flexible  phosphor  bronze  and 
are  securely  fixed  to  the  upper  part  of  the  lamp  housing  in 
such  a  way  that  a  firm  contact  is  made  on  the  surface  of  the 
ballast  and  a  metallic  contact  is  secured  with  the  housing  pre- 
senting a  greater  radiating  surface. 
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The  housing  is  so  eoiistriieted  that  a  movement  of  the 
locking  lever  will  permit  its  separation  to  a  convenient  dis- 
tance, exposing  the  ballasts  to  view,  thus  making  replacement 
an  easy  matter.  In  contrast  to  this  simple  method,  it  will  be 
remembered  that  the  ballasts  in  the  old  lamp  were  arranged 
in  a  semi-circle  about  the  cutout,  and  in  order  to  gain  access 
to  them  it  was  necessary  to  remove  the  suspension  hook  and 
the  top  of  the  lamp  housing. 

Btilow  the  ballast  porcelain  is.>the  sleeve  porcelain  on 
whose  upper  side  is  the  cutout,  and  into  which  the  holder  is 
inserted  from  below.  The  cutout  armature  (being  the  only 
movable  element  in  the  operating  system)  is  enclosed  in  a 
dust-proof  compartment,  so  that  the  lamp  will  operate  success- 
fullv  without  regard  to  climatic  conditions. 


Fig.  3.    Wafer  Heater  and  Holder. 


The  holder  of  the  Westinghouse  multiple  units  presents 
a  radical  change  in  design.  The  old  two-piece  porcelain  is  re- 
placed by  a  one-piece  holder  base,  to  which  is  attached  the 
characteristic  terminal  prongs.  Two  prongs  are  brought 
through  the  holder  base  and  are  secured  in  such  a  manner 
that  they  lie  in  a  plane  parallel  to  the  glowers  and  at  right 
angles  to  them.  The  use  of  two  or  more  heater  tubes  is  super- 
seded by  a  ''  Wafer  Heater  "  (Fig.  3),  a  heater  consisting  of 
a  small  platinum-wound  and  refractory  cement  coated  rod, 
bent  so  that  several  sections  lie  })arallel  to  the  glowers  and 
securely  mounted  on  a  flat  porcelain.  The  wafer  slides  on  the 
heater  prongs  when  inserted  in  the  holder ;  the  heater  terminals 
being  in  the  form  of  a  sleeve  contact.  Hence  it  will  be  noted 
that  heaters  can  readily  be  changed  without  tools  and  without 
disturbing  any  other  member  of  the  lamp. 
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In  view  of  the  fact  that  the  heaters  and  glowers  are 
mounted  on  a  removable  piece  or  holder,  the  design  being  such 
that  the  heater  is  immediately  above  the  glowers,  the  following 
advantages  are  resultant :  Stagnation  of  the  heat  liberated 
from  the  heater,  thereby  lighting  the  glowers  in  minimum  time ; 
no  shadow,  since  no  element  is  below  the  glower  to  interfere 
with  the  flux  of  light  emanating  in  the  useful  direction ;  and 
stagnation  of  heat  from  the  gloAvers  whereby  the  latter  are 
operated  in  their  own  heat,  and  therefore  at  a  higher  efficiency 
than  would  be  possible  with  any  other  arrangement. 

An  improved  method  of  supporting  the  globe  is  employed 
so  that  the  glassware  can  be  removed  instantly,  and  at  the 
same  time  is  locked  to  the  lamp  body,  thus  minimizing  both 
labor  in  cleaning  and  breakage  due  to  careless  handling. 


Fig.  4.    Westinghouse  Nernst  Screw  Burner  with  globe  kemoved 

The  various  sizes  of  single  glower  units  are  of  the  Edison 
Base  type  (Fig.  4),  and  present  a  similar  appearance  to  the 
now  popular  110-watt  unit,  althougii  the  construction  is  a 
unique  departure  from  former  practice.  The  cutout  is  located 
within  the  Edison  base ;  immediately  under  which  is  the  ballast 
secured  by  means  of  a  bayonet  catch.  Three  prongs  lead  to 
the  base  porcelain,  the  lower  side  of  which  forms  the  Xernst 
receptacle. 

The  holder  (Fig.  5)  consists  of  a  glower  and  wafer  heater 
permanently  connected  on  a  small  porcelain  provided  with  a 
standard  screw  base,  with  an  additional  contact  pin  in  the 
center.  By  an  assortment  of  diameters  and  lengths  of  contact 
pins,  it  is  impossible  to  insert  any  other  than  the  proper  holder 
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in  the  lamp,  thereby  insuring  the  consumer  against  troubles 
incident  to  the  use  of  lamps  of  various  sizes  and  class  of  voltage. 
This  form  of  renewal  is  popularly  termed  the  "  Screw 
Burner,"  and  should  supply  the  demand  for  a  high  efficiency 
incandescent  lamp,  so  rugged  in  its  design  that  the  lamp  can 
be  maintained  by  anyone.  The  burner  is  furnished  complete 
with  glassware  when  small  balls  are  desired  and  without  glass- 
ware when  the  standard  size  of  ball  is  used  on  the  lamp. 


Fig.  5.    Sectional  Views  of  Single-Glower  Westinghouse 
Nernst  lamp. 

Owing  to  the  extremely  rugged  construction  of  the  screw 
burner  and  the  method  of  packing  each  burner  in  a  small  metal . 
box,  it  is  possible  to  secure  renewals  by  return  mail,  since  the 
severe  treatment  to  which  mail  packages  are  subjected  cannot 
injure  the  ])urners  while  in  transit.  Large  shipments  are  rec- 
ommended by  freight  regardless  of  the  distance,  for  there  is 
no  feature  about  the  lamp  that  requires  more  care  in  handling 
than  is  given  ordinary  freight. 

Having  outlined  the  electrical  and  physical  properties  of 
the  various  types  of  Westinghouse  Nernst  lamps,  the  subject 
of  candle  power  performance  Avill  be  in  order.  The  immediate 
corrective  power  of  the  ballast  Avhen  the  lamp  is  subjected  to 
variations  in  voltage  is  apparent  from  the  curve  shown  (Fig. 
6).     It  will  be  noted  that  for  a  given  voltage  below  normal, 
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the  gloAver  characteristic  is  predominant,  as  shown  bv  the  rapid 
increase  in  curvature  as  normal  voltage  is  approached ;  at  and 
above  normal,  the  ballast  modifies  the  curve  and  its  effect  is 
noted  in  comparison  with  curves  No.  2  of  the  Tungsten  lamp, 
and  Xo.  3  of  the  carbon  filament  lamp.  The  curves  given 
clearly  indicate  that  the  performance  of  the  ballast  permits 
only  of  slight  variation  in  candle  power  for  variation  in  line 
vdltage   in  the  ]\Yestinghouse  Xernst,   and  further,  that  the 
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Westinghouse    Xernst    gives    the    minimum    variation    of    all 
illuminants. 

Another  interesting  comparison  is  given  (Fig.  7)  between 
the  Westinghouse  Xernst  and  the  D.  C.  arc  for  so-called  con- 
stant impressed  voltage.  In  the  Xernst  the  candle  power  is 
constant,  while  in  the  arc  the  candle  powder  is  rapidly  changing 
due  to  slight  adjustments  of  the  length  of  the  arenas  well  as 
the  inherent  changes  produced  by  the  slight  change  in  line 
voltage,  since  the  corrective  power  of  the  arc's  resistance  is 
not  immediately  available. 

The  natural  downward  distribution  of  light  about  the 
Westinghouse  Xernst  Lamp  is  one  of  its  most  valuable  assets, 
and  herein  lies  one  reason  for  the  high  efficiency  of  installation! 
I  open  what  is  to  be  but  a  brief  review  of  distribution  curves 
by  this  statement,  that  I  may  in  the  strongest  possible  way 
give  emphasis  to  the  remarkable  fact  that  in  no  other  incan- 
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descent  lamp  is  such  a  natural  condition  to  be  found.  It  is 
to  be  noted  that  advocates  of  the  vacimm  incandescent  units 
recommend  their  use  for  lighting  interiors  only  in  connection 
with  reflecting  devices,  so  that  a  consideration  of  those  units 
should  be  based  on  a  combination  of  the  lamp  with  its  reflect- 
ing device. 
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The  distribution  of  the  vacuum  lamp  can  be  more  or  less 
corrected  by  reflectors;  but  the  nearer  the  desired  distribution 
we  have,  naturally  the  less  light  will  be  reflected,  and  conse- 
quently, the  less  will  be  the  total  loss  in  the  process  of  reflection. 

The  natural  downward  distribution  of  light  from  the  West- 
inghouse  Nernst  is  shown  in  the  following  curves  (Figs.  8  and 
9),  which  are  self-explanatory.  In  order  to  make  a  rapid  com- 
parison of  the  mean  hemispherical  values  of  each  unit,  as 
represented  by  curves,  the  table  of  efficiencies  is  given  below. 

The  peculiar  softness  and  low  intrinsic  brilliancy  obtained 
by  the  use  of  light  alabaster  glassware,  despite  the  fact  of  a 
concentrated  source  and  a  downward  distribution,  has  a  pleas- 
ing effect  on  the  eye.  Exhaustive  tests  on  the  performance  of 
iglassware  indicate  that  light  alabaster  glass  is  but  slightly 
diffusing,  and  therefore,  does  not  materially  change  the  char- 
acter of  the  distribution  curve.     The  loss  of  light  due  to  ab- 
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Fig.  8.     Distribution  of  Light  from  Single-Glower 
Westinghouse  Xernst  Lamps 

1 —  66-watt  lamp,  using  4-inch  clear   globe 

2—  88  '•  "  "  4  " 
4_110  "  "  "  5  " 
5-132     "  "            "      6    " 


Table  \. 
Mean  Hemispherical  Efficiencies   Westinghouse    Nernst   Lamp. 


Lamp 

Glassware 

Maximum 
Candle  Power 

Mean 

Hemisph. 

Candle  Power 

Mean 
Hemisph. 
Efficiency 

66  watt 

A" 

74 

50 

1.38 

88     " 

A" 

105 

77 

1.2 

HO  " 

5" 

131 

96.4 

1.2 

132   " 

6" 

156 

114 

1.2 

2-Glo\ver 

8" 

345 

231 

1.2 

3 

8" 

258                  359 

1.15 

4 

8" 

745                  504 

1.09 
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sorption  is  approximately  15%  over  clear  glass,  so  that  the 
performance  curves  for  alabaster  glassware  can  be  obtained 
by  applying  the  correction  factor.  Naturally,  any  data  such 
as  the  above,  presented  on  the  behavior  of  commercial  globes 
toward  light,  should  be  considered  indicative  rather  than 
conclusive. 


Fig.  g.    Distribution  of  Light  from    Multiple-Glower  Westing- 
house  Nernst  Lamps. 


1  — 2-glower  lamp,  using  8-inch  clear  globe. 
2—3    "  "  "       8    " 

3—4    "  "  "      9    " 


Comparative  figures  with  various  modern  illuminants  will 
be  seen  by  a  glance  at  the  table  (Table  II)  of  mean  hemis. 
efficiencies :  data  on  Tungsten  lamps  taken  from  published  data 
of  the  N.  E.  L.  A.;  that  of  arc  lamps  from  Prof.  Mathews' 
report  on  Arc  Lamps ;  and  figures  on  Nernst  lamps  from  the 
Company's  laboratories. 
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TABLE    II. 

Eff.  W. 

per  e.  p. 

4-Glower  West.  Nernst  Dome  Shade  and  Heater  Case.  .  .  .    1.07 

4-Glower  West.  Nernst  9  in.  Clear  Globe 1.12 

Tungstolier  with  Clear  Prismatic  Reflectors 1.22 

•l-Glower  Westinghouse  Xernst  9  in.  Alabaster  Ball 1.28 

D.  C.  Arc-Shade 1.37 

Tungstolier  with  Enameled  Prismatic  Eellectors 1.45 

Old  6-Glower  Nernst  Lamp  8  in.  Alabaster  Ball 1.64 

A.  C.  Enclosed  Are-Shade 1.75 

Next  in  order  of  importance  is  the  life  of  the  unit.  A 
summary  of  the  life  of  the  various  elements  is  given  in  the 
following  table  (Table  III).  These  figures  are  the  basis  of 
the  standard  guarantee  given  on  any  installation  of  over  TOO 
units  for  the  average  life  performance  when  operated  on  a 
circuit  whose  regulation  is  within  5%  a])ove  or  below  the 
normal  point  of  operation.  Statistics,  however,  compiled  from 
a  great  number  of  old  commercial  installations  indicate  that 
the  average  life  of^  the  various  elements  is  far  greater  than 
the  figures  herewith  given. 

TABLE    III. 


HOURS'  LIFE 

PART 

DIRECT. 
CURRENT 

ALTERNATI.NG   CURRENT 

25   Cycle 

60   Cycle 

133  Cycle 

110  v. 

220  V. 

110  V. 

220  V. 

no  V. 
3000 

220  V. 

800 
3000 

110  V. 

220  V. 

Glower      

600 

3000 

15000 

400 

800 

Heater    

15000 
600 

3000 
15000 

3000 

3000 

3000 

Ballast 

15000 
'400 

15000 
800 

15000 

15000 

15000 

Screw  Burner.. 

600 

400 

800 

800 

800 

The  color  of  the  light  given  by  the  Nernst  lamp  is  another 
of  its  many  distinctive  features.  It  is  a  so-called  white  light, 
yet  it  has  a  soft  and  rich  warmth  of  color  which  illuminating- 
authorities  recognize  to  be  the  easiest  upon  the  eye,  the  most 
pleasing  to  the  senses  and  the  best  for  general  lighting  of  all 
places.  In  short,  the  quality  of  Nernst  light  meets  the  popular 
demand  so  well  expressed  by  one  of  the  leading  merchants  of 
the  country  when  he  said :  ' '  What  we  want  is  a  soft,  warm, 
inviting  light — not  a  cold,  cheerless,  repelling  light." 

By  reason  of  the  natural  downward  distribution  of  light, 
the  wide  range  of  sizes,  and  the  simple  system  of  renewal,  the 
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lamp  offers  great  latitude  in  artistic  fixture  design,  so  that 
the  range  of  artistic  possibilities  is  within  the  scope  of  the 
most  critical  eye.  The  units  may  be  used  with  equal  satisfac- 
tion as  a  unit  source,  in  clusters,  in  ceiling  bowls,  or  in  fixtures 
of  elaborate  design.  The  artistic  ceiling  bowl  unit  by  reason 
of  the  adaptability  of  a  high  intensity  in  a  limited  space,  can 
be  used  for  efficient  commercial  lighting ;  a  type  of  unit  not 
practicable  with  any  other  system.  In  this  unit  the  elements 
are  built  radially  about  the  base  porcelain  in  contrast  to  the 
vertical  position  used  in  the  standard  lamps.  With  the  West- 
inghouse  Nernst  system,  absolute  uniformity  in  quality  of  illu- 
mination can  be  obtained  throughout  any  installation,  no  mat- 
ter how  diverse  the  requirements. 

A  departure  from  former  fixture  practice  is  present  in  a 
distinctive,  design  of  Nernst  chandelier  units  (Fig.  10).  Here- 
tofore, the  complete  single  glower  lamp  was  used  in  a  pendant 
position  in  ordinary  fixtures,  but  in  many  cases  the  appearance 
of  such  a  combination  did  not  harmonize  with  the  architectural 
features.  The  new  chandeliers  are  constructed  with  the  ballasts 
and  cutouts  in  the  body,  so  that  the  Nernst  receptacle  forms 
the  socket  into  which  the  screw  burner  only  is  placed.  In  this 
design,  the  lamps  may  be  operated  in  any  position,  apd  a 
lamp  presenting  to  the  eye  only  a  3  in.  ball,  will  lend  itself 
to  artistic  effects  without  limit  and  still  provide  efficient  illu- 
mination. These  chandeliers  are  made  of  both  spun  and  cast 
bronze  for  use  with  any  size  of  single  glower  lamps,  and  may 
be  obtained  in  straight  electric  or  combination  gas  and  electric 
types. 

Single  glower  units  are  especially  desirable  for  window 
lighting.  Either  the  direct  or  indirect  method  can  be  used 
with  equal  satisfaction,  showing  the  display  in  a  light  whose 
color  does  not  distort  the  color  values  of  the  display.  For 
direct  lighting,  a  special  dome  reflector  may  sometimes  be 
advisable.  In  the  indirect  system,  a  Nernst  special  window 
reflector  is  offered  which  conceals  the  lamp  so  that  no  direct 
light  will  meet  the  eye  of  the  observer,  and  at  the  same  time 
distribute  all  the  light  within  the  window,  rather  than  on  the 
sidewalk  and  street. 

Unlike  the  incandescent  lamp,  the  frame  and  connections 
of  the  Westinghouse  Nernst  lamp  from  a  permanent  structure 
having  an  indefinite  life,  but  its  light-giving  elements  have 
from  time  to  time  to  be  renewed.  Of  these  the  ballast  has  a 
life  so  long,  as  before  mentioned,  that  it  plays  little  part  in 
the  maintenance  system.  Likewise,  the  heater  has  a  very  con- 
siderai^le  life,  and  will  require  only  occasional  attention  in 
ordinary  use.     The  glower,  however,  like  the  vacuum  lamp, 
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has  a  practically  definite  term  of  use ;  and  is  the  item  of  great- 
est importance  in  the  maintenance  system.  It  is  now  gener- 
ally recognized  that  any  lighting  system,  be  it  incandescent, 
arc  or  Nernst,  will  give  the  best  results  when  provided  with 
a  regular  inspection  and  systematic  maintenance. 


Fig.  10.    Westinghouse  Nernst  Chandelier  Unit. 


In  view  of  the  general  similarity  in  the  construction  of 
the  arc  and  the  multiple  glower  Westinghouse  Nernst,  it  is 
self-evident  that  the  maintenance  is  much  the  same.  In  the 
arc  system  the  lamps  are  periodically  inspected,  globes  and 
shades  cleaned,  carbons  renewed,  and  occasional  faults  in  the 
internal  mechanism  or  a  burned  out  coil  repaired.  In  the 
Nernst  system,  the  requirements  are  cleaning  glassware,  and 
replacing  burned  out  holders.  The  extra  labor  which  is  nec- 
essary for  the  subsequent  repairs  of  holders  in  the  Nernst 
system  is  about  counterbalanced  by  the  extra  time  required 
in  the  arc  system  for  more  frequent  inspection  tours. 

A  system  usually  adopted  by  lighting  companies  is  the 
organization  of  a  Maintenance  Bureau  which  maintains  all 
lamps  on  the  circuits;   visiting  all  installations  periodically, 
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and  changing  holders  when  necessary.  The  total  cost  of  main- 
tenance under  these  conditions  will  be  comparatively  low,  pro- 
vided the  work  is  executed  in  a  §3"stematic  manner.  In  case 
the  lamps  are  not  installed  on  the  free  renewal  basis,  this 
maintenance  is  then  supplied  for  a  fixed  sum  per  glower  per 
month,  or  for  an  additional  charge  per  K.  W.  hour  for  current. 
The  exact  sum  depends  upon  the  class  and  length  of  service 
but  averages   10c  per  glower  on  the  former  basis,   and  from 

5  to  7  mills  per  K.  W.  H.  for  the  latter.  It  is  obvious  that  loca- 
tion and  cost  of  labor  have  a  rather  important  bearing  on  the 
cost  of  any  specific  installation. 

When  screw  burner  lamps  are  used,  the  maintenance  prob- 
lem becomes  that  of  the  old  system  of  ordinary  incandescent 
renewal.  Where  free  renewals  are  not  the  custom,  the  user 
returns  the  burned  out  burner,  for  which  he  receives  a  rebate 
towards  a  new  one.  With  this  system,  the  Company  is  pre- 
pared to  supply  all  the  necessary  burners  for  a  specified  sum 
per  year,  based  upon  the  length  of  burning  hours.  The  advan- 
tage o'f  this  guaranteed  renewal  or  maintenance  cost  is  at  once 
evident  as  compared  with  the  unknown  quantity  representing 
renewal  costs  in  commercial  installations  of  vacuum  high  effi- 
ciency lamps. 

It  is  at  once  apparent  that  a  system  which  does  not  require 
reflecting  devices  is  the  simplest  and  most  economical  to  main- 
tain because  of  less  glassware  to  break  and  the  absence  of  all 
labor  involved  in  the  constant  cleaning  that  reflectors  require 
in  order  to  keep  reflector  lamps  up  to  normal  efficiency. 

The  efficiency  of  installation  can  best  be  studied  by  a  re- 
view of  a  few  t^'pical  existing  commercial  installations,  for  the 
experience  of  those  who  have  had  commercial  installations  is 
well  worth  considering  when  judging  the  value  of  a  lighting 
system. 

Such  installations  as  those  in  the  administration  buildings 
of  Sears,  Roebuck  &  Co.,  Deering  Harvester  Works,  Armour 

6  Co.,  Swift  &  Company ;  Chicago,  Milwaukee  &  St.  Paul  R.  R., 
and  J\[arshall  Field  &  Co..  all  in  Chicago,  produce  proof  of  the 
superiority  of  the  Nernst  lamp  for  general  illumination. 

A  review  of  an  investigation  of  an  installation  in  Pitts- 
burg will  no  doubt  be  of  great  interest  and  value.  A  large 
department  store  was  the  first  to  install  Nernst  lamps  when 
they  first  appeared  on  the  market ;  and  a  few  months  ago, 
were  again  among  the  first  to  install  Westinghouse  Nernst 
lamps  in  place  of  the  old  equipment  after  having  made  tests 
on  various  modern  illuminants. 
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Illuminatiou  tests  showed  the  following  results: 

1.  Old  G-glower  Xernst  lamps;  Old  Alabaster  Glassware 
(of  density  used  in  the  year  1902)  ;  Old  Holders,  under  normal 
maintenance  conditions.  The  mean  illumination  was  found 
to  be  3.95-foot  caudles  for  1.88  watts  per  square  foot. 

2.  Same  conditions  except  new  Westinghouse  Nernst 
type  of  9  in.  alabaster  glassware  substituted  for  old  glassware; 
mean  illumination  4.43-foot  candles,  showing  an  increase  of 
12%  due  to  glassware  alone. 

3.  .  Old  (type  6-glow(ir  Xernst  type  equipped  wilfli  new 
glowers  and  same  new  glassware.  The  illumination  was  then 
raised  to  4.88  f.  c,  which  indicates  a  candle  power  depreciation 
of  approximately  9.4%. 

4.  An  equipment  of  three-glower  (Xew  Westinghouse) 
X'^ernst  lamps,  using  the  same  glassware  at  each  outlet,  reduced 
the  wattage  to  1.41  watts  per  sq.  ft.,  and  increased  the  illumi- 
nation to  5.12  f.  c.  This  indicates  that  the  net  efficiency  of  the 
installation  was  raised  approximately  28%  ;  and  the  mainte- 
nance cost,  even  under  these  conditions,  was  materially  de- 
creased. 

In  conclusion,  I  wish  to  advise  against  the  use  of  mislead- 
ing figl^res  on  Westinghouse  Xernst  lamps  which  may  appear 
in  the  technical  press  due  to  the  unfamiliarity  of  the  authors 
of  the  same  with  the  performance  of  the  lamp ;  and  respect- 
fully call  your  attention  to  articles  by  the  writer,  which  appear 
from  time  to  time,  giving  results  of  exhaustive  tests  carried 
on  under  the  direction  of  the  Company.  These  show,  not  what 
the  lamps  theoretically  should  do — but  what  the  performance 
of  the  Westinghouse  Xernst  lamp  actually  is  when  operated 
under  existing  conditions  found  in  commercial  installations. 


A   HEAT    VALUE   CALCULATOR. 

A  Device  for  Calculating  the  Heat  Value  of  Blast  Furnace 
Gas  from  Its  Chemical  Analysis. 


BY    CHARLES    C.    SAMPSON.* 

In  the  daily  record  of  the  performance  and  in  the  reports 
of  tests  of  gas  engines  frequent  calculation  must  be  made  to 
determine  the  heat  value  of  the  gas  used.  This  great  number 
of  determinations  takes  much  time,  and  the  calculator  described 
is  to  reduce  this  time  to  the  lowest  possible  amount. 

The  combustible  portion  of  the  blast  furnace  gas  is  made 
up  of  carbon  mon-oxide,  hydrogen  and  methane  in  amounts 
varying  according  to  the  operation  of  the  furnace  and  its 
charge,  and  atmospheric  conditions;  the  extremes  being  about 
as  follows :  ' 

For  C  0-22%  to  35% 
H     -    1%  to  6% 
C  H4-O.  1%  to  1.0% 
The  heat  value  in  B.  T.  U.  per  cu.  ft.  at  62«  F.  and  29.5  in. 
Mercury  for  the  three   gases  is,   according  to  H.   B.   McFar- 
land's  tables, 

C  O   -324. -15 
H       -274.78 

c  H4-915.08 

and  the  heat  value  of  one  cu.  ft.  of  blast  furnace  gas  would  be 
324.45  X%  C  O  +  274.78  X%  H+  915.08  X%  C  H4 
100 
where  the  analysis  is  given  in  %  of  volume. 

Thus  the  heat  value  of  a  gas  having  the  following  analysis : 

c  02-10.4% 

C  O  -28.3% 
H  -  2.6% 
C  H4-  .2% 
N  -58.5% 
would  be 

28.3X324.45  =  91.819 
.026X274.78=  7.144 
.002  X  915.08=    1.830 


100.793  B.    T.    U.    per 
cu.  ft.  at  62°  F.=29.5  in.  Hg. 

*Class  1904.    Engineer  Construction  Dept.  Indiana  Steel  Co..  Gary,  Ind. 
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The  calculator  is  in  three  parts — first  a  circular  scale  of  B. 
T.  U.  arranged  to  cover  the  range  of  probable  heat  values  for 
the  gas  to  be  analyzed,  which  for  blast  furnace  gas  may  be 
from  70  to  130  B.  T.  U.  This  gives  a  range  of  130—70=60 
B.  T.  U.,  and  for  a  reason  shown  later,  this  scale  was  made  to 
cover  B.  T.  U.  from  about  65  to  135. 


The  Armoor  Bn^in^er 

Fig.  \.    Calculator  set  for  example  in  text. 


The  second  part  is  a  circular  scale  of  "  %  of  C  0"  and  "% 
of  H"  so  graduated  that  each  "%  of  C  0"  extends  over  3.2445 
divisions  on  the  B.  T.  U.  scale  while  each  "%  of  H"  extends 
over  2.7478  of  the  B.  T.  U.  divisions. 

The  "  %  of  C  0"  range  is  from  20  to  35  and  for  ''  %  of  H" 
from  0  to  7.  The  total  B.  T.  U.  represented  by  these  two 
scales  making  necessary  the  extension  of  the  B.  T.  U.  scale  to 
cover  70  B.  T.  U.  rather  than  60  B.  T.  U. 


Fig.  2. 
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The  third  part  is  a  scale  of  '"/,,  of  C  II4  "  Avhose  range  is 
from  0%  to  1.07, .  The  length  of  each  division  is  determined 
by  the  length  of  the  B.  T.  U.  divisions  on  the  first  part. 

The  position  of  the  arrow  on  the  B.  T.  U.  scale  is  deter- 
mined by  the  fact  that  20%  C  0  gives  a  heat  value  of  64.89 
B.  T.  U. 

The  illustration  (Fig.  1)  shows  the  instrument  set  for  the 
gas  calculated  above.  The  arrow  on  the  first  part  is  set  oppo- 
site the  %  of  C  0  (28.3% ).  The  arrow  on  the  third  part  being 
at  the  %  H  (2.6%)  and  the  heat  value  (100.8  B.  T.  U  is  read 
opposite  the  %  C  H4     (0.2%). 

This  calculator  is  of  use  only  for  blast  furnace  gas  al- 
though, of  course,  one  with  suitable  scale  ranges  could  be 
made  for  any  other  gas  such  as  producer  gas  and  coke  oven 
gas. 


[Ed  Note.— In  order  that  one  of  these  calculators  may  be  obtained  by  readers    there  arc 
included  (Fig.  2)  illustrations  of  the  separate  parts,  which  may  be  pasted  on  card  board. 


cut  out.  and  assembled. 


ELECTRONS. 

BY  G.  E.  MARSH,  JR.* 

During  the  last  dozen  years  a  new  and  interesting  scientific 
theory  of  the  greatest  importance  has  been  gradually  developed 
until  at  the  present  time,  even  though  it  is  far  from  being 
complete,  it  stands  as  the  grandest  achievement  that  the  world 
has  ever  seen  in  the  way  of  a  far  reaching  explanation  for 
physical  phenomena.  From  the  earliest  days,  electrical  science 
investigators  and  savants  have  perseveringly  speculated  re- 
garding the  causes  and  diligently  wrought  hypotheses  connect- 
ing the  many  and  diverse  phenomena  that  were  discovered 
in  uninterrupted  succession  and  which  have  constituted  the 
rapid  advance  in  electrical  knowledge.  The  distinct  theories 
that  have  been  proposed,  exploited,  tested,  accepted  or  found 
deficient,  have  been  numerous  and  in  many  instances  the  in- 
geniousness  of  the  explanation  reflected  well  upon  the  mind 
that  conceived  it.  The  Faraday-lNIaxwell  explanation  based 
upon  the  properties  of  the  ether  medium,  has  long  been  accept- 
ed, almost  Avithout  question,  for  forty  years.  The  electro- 
chemical notions  of  Hittorf,  Clausius,'  and  Kohlrausch  have 
been  standard,  while  in  the  domain  of  electro-statics  neither 
the  one-fluid  theory  of  Franklin  or  the  two-fluid  theory  of  Sym- 
raer  has  made  enough  progress  to  occupy  the  field  in  undisputed 
possession. 

In  the  interval  from  1893  to  1897  the  epoch-making  dis- 
coveries of  Lenard.  Roentgen  and  J.  J.  Thomson  accelerated 
the  development  of  a  new  theory  based  on  a  new  concept  and 
which  had  been  slowly  undergoing  crystallization  as  a  result 
of  the  wealth  of  knowledge  given  to  the  world  by  the  experi- 
ments of  Crookes,  Hertz.  Arrhenius  and  others.  More  recently 
the  work  of  Becnuerel  and  the  Curies  followed  closely,  furnish- 
ing new  material  and  strength  to  the  theory  that  was  rapidly 
coming  to  its  own. 

The  atom  of  electricity  briefly  hypothesized  by  Weker, 
hinted  at  by  Maxwell,  definitely  conceived  by  Johnstone  Stoney 
and  later  treated  mathematically  by  Lorentz,  Larmor  and  J.  J. 
Thomson  found  itself  fully  enthroned  at  the  close  of  the  last 
century.  This  atom  of  electricity,  with  extraordinary  proper- 
ties, is  the  concept,  the  entity,  around  which  the  electron 
theory  is  rapidly  rearing  an  explanation  which  in  its  far 
reaching  embrace,  and  through  its  potential  possil)ilities  in 
ultimately  elucidating  all  of  the  near  and  distantly  related 
electrical  phenomena,  bids  fair  to  prove  itself  one  of  the  great- 
est human  achievements  of  all  time.     The  most  enthusiastic 

*]Massacbusetts  Institute    of  Technolofjry,    1002.      Instructor    of   Electrical    Engi- 
neering, Armour  Institute  of  Tecbnology. 


•T"'»-    l'»''!»l  MAKSri:     ELECTRONS  97 

supporters  of  the  electron  theory  believe  in  its  future  adequacy, 
its  inherent  potents  in  explaining  matter,  gravitational  attrac- 
tion and  other  niitural  quantities  which  have  persistently 
baffled  the  scientific  genius  of  all  ages.  That  the  theory  will 
in  the  near  future  provide  a  satisfactory  explanation  for  such 
phenomena  as  thermo-electricity,  voltaic' electricity,  light,  heat, 
magnetism,  radio-activity,  the  Zeeman,  Faraday,  Kerr  and 
other  effects,  not  to  mention  a  great  many  others,  goes  without 
saying,  and  indeed  in  certain  cases  the  explanations  are  al- 
ready tentatively  accepted. 

In  this  article  it  will  be  our  aim  to  pay  attention 
only  to  the  electron,  the  atom  of  electricity,  as  anything  in 
the  nature  of  a  complete  exposition  of  the  electron  theory 
would  far  exceed  our  present  space. 

It  is  a  well  recognized  fact  and  one  that  is  in  accordance 
with  the  accepted  electro-magnetic  ideas,  that  a  moving  electri- 
cal charge  exhibits  all  of  the  properties  of  an  electrical  current. 
For  convenience  let  a  charge  isolated  in  space  be  imagined 
as  describing  a  rectilinear  path;  then  in  common  with  ordinary 
electro-static  charges,  produced  l)y  friction  between  hard  rub- 
ber rod  and  wool  cloth,  there  exists  a  system  of  lines  of  force 
which  have  their  origin  at  the  charge  on  the  surface  of  the 
rod  and  extend  radia/Jy  through  the  surrounding  medium. 
Actually,  they  of  necessity,  must  terminate  on  material  objects 
somewhere,  but  as  long  as  the  latter  are  far  removed,  the  lines 
of  electro-static  force  are  strictly  radial. 

In  addition  to  these  lines  there  is  a  second  system  con- 
sisting of  closed  curves  or  rings  centered  upon  the  path  of 
the  moving  charge.  These  are  the  lines  of  magnetic  force  and 
surround  the  path  in  the  same  manner  that  a  current-carrying 
wire  is  encircled.  Accordingly,  there  can  be  pictured  three 
distinct  directions  at  any  given  point  in  the  ether  in  the  region 
of  a  moving  charge:  1.  A  direction  parallel  to  the  direction 
of  motion.  2.  The  direction  of  the  electro-static  field,  deter- 
mined by  the  radius  passing  through  the  point.  3.  The  di- 
rection of  the  magnetic  curve  passing  through  the  point  and 
which  is  at  right  angles  to  the  two  other  lines. 

The  magnetic  lines  and  the  motion  are  co-existent.  The 
strength  of  the  field  at  any  point  varies  with  the  density  of 
the  magnetic  lines  at  that  point  and  this  in  turn  depends  di- 
rectly upon  the  magnitude  of  the  velocity  of  the  particle.  If 
H  representrs  the  strength  of  the  field  at  any  point,  e  the 
moving  charge  with  a  velocity  v  and  where  6  and  r  are  the 
polar  coordinates  of  the  point  referred  to  the  center  of  the 
moving  body  as  origin,  then 

H  =  ^  sin   e 
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At  the  present  time  the  firmly  established  facts  may  hardly 
warrant  the  statement  that  there  is  no  magnetic  field  other 
than  the  one  spoken  of,  and  expressed  by  the  equation  above, 
although  the  denial  of  the  assertion  calls  for  proof  from 
those  who  would  assail  the  idea.  According  to  Oliver  Lodge, 
one  of  the  foremost  exponents  of  the  present  theory,  and  to 
whom  many  of  the  present  ideas  and  figures  are  due,  there  is 
no  origin  of  magnetism  other  than  the  above.  On  this  sup- 
position we  see  that  with  no  velocity  there  is  no  magnetic  field, 
neither  is  there  any  current,  merely  an  electro-static  field. 
With  a  constant  speed  the  magnetic  field  and  the  electric  cur- 
rent are  constant. 

As  a  short  digression,  let  it  be  recalled  to  mind  that  when- 
ever a  conductor  moves  in  a  magnetic  field  in  such  a  manner 
that  the  lines  of  force  are  cut,  there  is  an  electromotive  force 
produced  within  each  longitudinal  element  of  the  conductor. 
The  apparent  electromotive  force  is  the  algebraic  sum  of  those 
generated  in  the  several  elements  for  it  is  the  one  function  of 
a  conductor  to  perform  the  summation  of  the  elementary  elec- 
tromotive forces.  Even  though  the  moving  body  be  a  non-con- 
ductor, an  insulator,  the  elementary  electromotive  forces  are 
still  produced  but  there  is  the  absence  of  all  usual  phenomena 
accompanying  the  passage  of  an  electric  current  in  a  conductor. 
Production  of  electromotive  force  is  a  question  of  relative  mo- 
tion, and  in  the  ordinary  case  of  a  magnetic  field  changing  as  a 
result  of  a  varying  current,  it  is  well  known  that  a  second 
electromotive  force  makes  its  appearance  and  is  called  the 
electromotive  force  of  self-induction.  Furthermore,  the  di- 
rection of  this  electromotive  force  it  at  right  angles  to  the 
direction  in  which  the  magnetic  lines  of  force  are  moving  and 
its  magnitude  is  proportional  to  their  rate  of  motion.  The 
above  ideas  may  now  be  connected  to  the  previously  considered 
moving  charge  but  with  the  additional  supposition  that  the 
velocity  is  no  longer  constant,  that  is,  its  motion  is  being 
accelerated  or  retarded.  In  any  such  case  the  surrounding 
and  accompanying  magnetic  field  is  changing,  increasing  or 
diminishing  proportionately  with  the  change  in  velocity.  A 
change  in  the  strength  of  the  field  is  accompanied,  as  has  been 
shoAvn,  by  the  co-existence  of  an  electromotive  force.  In  the 
case  of  the  moving  charge  just  such  a  phenomenon  takes  place ; 
the  electromotive  force  originating  in  the  ether,  the  medium 
surrounding  the  body  and  permeated  by  the  magnetic  lines. 
This  electromotive  force  reacts  upon  the  charge,  that  is,  upon  its 
motion  in  just  the  same  manner  mentioned  above  when  speak- 
ing of  the  electromotive  force  of  .self-induction.     It,  too,  is 
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directed  along  a  line  at  right  angles  to  the  direction  of  motion 
of  the  magnetic  lines,  that  is  to  say,  along  the  direction  of 
motion  of  the  charge  and  in  a  sense  ahvaj's  to  oppose  the 
change  producing  it.  The  whole  phenonmenon  is  but  an  example 
of  Lenz's  law.  and  in  accord  with  the  conservation  of  energy 
principle. 

Sir  Oliver  Lodge  in  speaking  of  the  electromotive  force  of 
self-induction  has  given  it  the  very  descriptive  name,  reaction 
electromotive  force ;  and  it  is  sometimes  convenient  to  speak 
of  it  by  that  appropriate  title. 

]More  important  still  than  the  reaction  of  this  new  electro- 
motive force  upon  the  moving  charge  is  the  radial  transmission 
of  energy-  from  the  body  into  space  and  which  is  the  direct 
result  of  the  charge  undergoing  acceleration.  The  transmission 
of  energy  in  this  manner  constitutes  the  phenomena  known  by 
the  name  of  radiation  and  embraces  all  kinds  of  ethereal  waves, 
comprising  heat,  light.  Roentgen  rays,  Hertzian  waves,  etc., 
all  of  which  are  propagated  with  the  speed  of  light.  If  a  be 
the  acceleration  of  the  charge  e  moving  through  a  medium 
of  magnetic  permeability  jj..  then  the  energy  radiated  each 
second  is  given  by 


3  V 

where  V  is  tJie  velocity  of  light.  186.400  miles  per  second. 
This  expression  is  due  to  Larmor  and  is  of  the  greatest  import- 
ance in  the  electron  theory.  Incidentally  it  may  be  mentioned 
that  whenever  the  same  region  is  occupied  or  pervaded  by 
an  electric  field,  that  is.  by  electro-static  lines,  and  by  a  mag- 
netic field,  there  is  a  transfer  of  energy  through  that  region. 
This  is  the  statement  of  general  truth  known  as  Poynting's 
Theorem. 

Bearing  in  mind  that  a  current  is  the  result  of  a  moving 
charge,  the  relations  may  be  indicated  in  the  following  way. 
Picture  the  charge  as  moving  along  the  axis  of  abscissas  and 
that  its  instantaneous  location  may  be  indicated  by  Xe;  if  i 
designates  the  current  and  t  the  time  variable,  then 

._dXe 
dt 
represents  the   involved   relationships.     In   a   similar  manner 
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a  variable  current  is  given  by  dijdt  and  this  is  clearly 

di       d-Xe 

dt  ~    dt2 

In  the  theory  of  the  alternating  current  the  electromotive 
force  of  self-induction  is  equal  to 

di 
E  =  L— 

dt 

where  L  represents    the    self-induction.     Hence   the   reaction 
electromotive  force 

d^Xe 
E-L 

dt2 

which   may   be  compared   to    the    corresponding     mechanical 
equation,  force  =  mass  x  acceleration  or  f  =  ma.  or 

d-\x 

f=m 

dt2 

The  relations  of  the  quantities  in  the  first  equation  are 
identical  with  those  in  the  second ;  the  former  involves  the 
acceleration  of  a  charge,  the  latter  the  acceleration  of  a 
material  mass.  The  inertia  of  matter  opposes  a  change  in  its 
motion,  and  in  the  same  Avay.  the  electromotive  force  of  self- 
induction  operates  against  a  change  in  the  motion  of  the  charge. 
The  analogous  properties  of  the  several  quantities  may  be 
indicated  in  the  folloAving  way: 

^lechanical  inertia  results  from  mass. 

Electrical  inertia  results  from  reaction  electromotive  force. 

The  acceleration  of  matter  is  opposed  by  its  mechanical 
inertia. 

The  acceleration  of  a  charge  is  opposed  by  its  reaction 
electromotive  force. 

In  both  the  electrical  and  mechanical  cases,  the  motion 
encounters  opposition  when  the  velocity  is  increasing  and  is 
assisted  Avhen  the  latter  is  diminishing.  Thus  it  is  seen  that 
a  charged  body  possesses  an  additional  inertia.  The  value  of 
this  new  inertia  is  given  by  the  expression 

2  itt    e2 


3r 

where  r  is  the  radius  of  the  small  sphere  carrying  the  charge 
e.  It  is  to  J.  J.  Thomson  that  the  deduction  of  this  last  ex- 
pression is  due. 
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The  actual  value  of  this  electrical  inertia  or  mass  which 
is  proportional  to  the  energy  of  the  charge  is  given  by 

2  le2 

3VKr 

where  m^,  and  K  are  the  inertia  and  a  physical  constant  re- 
spectively, and  the  other  quantities  have  the  same  significance 
previously  assigned.  The  energy  possessed  by  a  body  having 
a  mass  of  only  one  milligramme  and  moving  with  the  velocity 
of  light,  186,400  miles  per  second,  amounts  to  fifteen  million 
foot  tons ;  an  astounding  magnitude  truly.  Now  thus  it  is 
seen  that  any  quantity  of  electrical  inertia  which  would  be 
comparable  with  that  of  a  thousandth  of  a  gramme  would 
represent  an  immense  quantity  of  energy.  If  a  charge  of  one 
coulomb  of  electricity  exists^ on  a  sphere  of  such  size  as  to  be 
at  a  potential  of  one  volt,  then  the  energy  will  be  3.6  foot 
pounds  and  its  inertia  will  be  equivalent  to  that  of  one  hundred 
millionth  part  of  a  milligramme  of  matter.  If  the  potential 
of  the  charge  had  been  ten  million  volts,  the  equivalent  quan- 
tity of  matter  Avould  then  be  one  hundredth  part  of  a  gramme. 
Again,  if  the  charged  body  be  taken  as  an  atom  of  hydrogen 
whose  accepted  weight,  diameter,  and  charge  are  lO^-'^  part 
of  a  gramme,  10~^'  part  of  a  centimeter  and  V-iXlO~-  part  of  a 
coulomb  respectively,  a  little  calculation  will  show  that  energy 
of  the  charge  moving  with  the  velocity  of  light  would  be 
equivalent  to  a  mass  of  10~'^'"  part  of  a  gramme.  From  this 
last  statement  it  is  seen  that  the  electrical  mass  of  a  charged 
atom  w^ould  be  insignificant  in  comparison  to  its  material  mass 
which  is  of  the  order  of  magnitude  10~--''  part  of  one  gramme. 

As  a  final  supposition  let  the  same  charge  be  possessed 
by  a  particle  one  hundred  thousandth  the  size  of  the  atom ;  in 
this  case  inertia  would  be  that  of  lO—-"^  part  of  a  gramme, 
or  only  about  one  thousandth  that  of  the  mass  of  the  hydrogen 
atom,  a  relatively  fairly  comparable  magnitude. 

The  preceding  paragraphs  contain  nothing  that  is  not 
recognized  as  accepted  facts  in  the  theory  of  electrical  phe- 
nomena. The  various  calculations  and  numerical  results  are 
true  independently  of  the  Electron  Theory,  and  have  come 
directly  from  Avell  established  relations.  The  foregoing  intro- 
duction furnishes  an  easy  approach  to  the  subject  proper,  and 
this  we  will  proceed  to  outline  in  an  elementary  manner.  With- 
out going  into  detail,  it  may  be  mentioned  that  the  existence 
of  the  electron  was  conjectured  by  Maxwell,  Crookes.  Lodge, 
and  others ;  and  in  many  cases  years  before  its  actuality  forced 
itself  into  the  ideas  of  men  with  a  persistence  that  would  not 
be  ignored. 
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Picture  a  small  spherical  volume  1-10^-"  part  of  a  centi- 
meter in  diameter,  and  that  it  contains  or  possesses  a  negative 
charge  of  electricity,  whatever  that  may  be  in  its  absolute  eon- 
stitution,  which  gives  it  a  mass,  a  pure  electrical  mass  of  1-10-' 
part  of  a  gramme,  and  the  fundamental  image  of  an  electron 
is  complete.  This  portion  of  electricity,  identical  with  that  on 
the  surface  of  a  rod  of  vulcanite  that  has  been  rubbed  with  a 
woolen  cloth,  possesses  the  properties  of  an  ordinary  negative 
charge,  and  when  placed  at  a  distance  from  another  electron 
the  usual  electro-static  repulsion  exists.  The  force  tending  to 
separate  them  is  no  less  than  10-^"'  times  greater  than  the 
gravitational  attraction  between  the  material  particles  of  the 
above  mass.  The  magnitudes  of  the  electrical  and  gravitational 
forces  acting  when  gramme  portions  of  electricity  and  matter 
are  placed  one  centimeter  apart  is  that  of  1-1013  part  of  one 
pound,  and  3xlOi<  tons.  That  such  a  force  could  arise  in 
any  manner  whatever  from  such  small  portions  of  mass  startles 
the  human  conception  of  natural  phenomena. 

To  consider  the  mobility  of  a  particle  of  this  magnitude 
affected  by  the  earth's  attraction  one  has  but  to  bear  in  mnid 
that  with  its  incomprehensibly  small  mass,  a  thousandth  that 
of  the  hydrogen  atom,  its  acceleration  and  velocity  acquired 
in  a  given  time  will  be  a  thousand  times  that  of  the  above 
mentioned  atom.  Such  particles  indeed,  are  often  subjected  to 
forces  that  give  rise  to  an  acceleration  of  a  hundred  billion 
times  greater  than  that  due  to  the  earth's  attraction.  The  ve- 
locity acquired  in  moving  a  distance  of  five  centimeters  under 
such'  forces  have  just  been  indicated  may  easily  be  calculated 
and  are  found  to  be  about  10"  centimetes  per  second.  This 
last  magnitude  agrees  well  with  the  value  obtained  experi- 
mentally. 

Proceeding  now  to  less  mystifying  properties,  it  is  import- 
ant to  mention  one  of  the  laws  of  electro-chemistry  and  bear- 
ing Faraday's  name.  This  is  the  statement  of  strict  propor- 
tionality between  the  weight  of  a  substance  liberated  in  an 
electrolytic  cell  and  the  quantity  of  electricity  that  has  passed 
through  the  cell.  The  atoms  into  which  a  substance  dissociates 
when  placed  in  solution  make  their  appearance  at  the  elec- 
trodes when  the  solution  is  subjected  to  electrolysis.  These 
atoms  were  early  recognized  as  conveying  charges  or  quan- 
tities of  electricity  and  were  called  ions  by  Faraday.  This 
idea  of  Faraday,  the  atom  of  matter  with  its  accompanying 
charge  is  designated  by  the  name  ion. 

The  purpose  of  much  refined  research  work  has  been  the 
determination  of  the  mass  of  one  element  deposited  or 
liberated  from  solution  by  one  coulomb  of  electricity.     This 
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relation  is  known  as  the  electro-chemical  equivalent  of  the 
substance.  The  results  obtained  show  that  one  coulomb  will 
liberate  1-9660  part  of  one  gramme  of  hydrogen,  and  of  other 
elements  in  direct  proportion  to  their  atomic  weight  and  in- 
versely as  their  valency.  Hence  since  one  coulomb  will  sepa- 
rate say  1-10^  parts  of  a  gramme  of  hydrogen,  and  one  atom  of 
that  element  weighs  ]0— -^  gramme,  it  follows  that  the  same 
quantity  of  electricity  will  set  free  lO^^^  atoms.  Reciprocally, 
one  atom  of  hydrogen  will  be  liberated  by  1-10^-*  part  of  a 
coulomb.  This  then  may  be  considered  the  c'harge  of  the  atom 
—the  electrical  part  of  the  ion.  The  ratio  of  charge  to  mass 
is  of  importance  and  may  be  approximately  given  as  10^. 

It  was  in  connection  with  the  study  of  the  electrical  con- 
duction in  rarefied  gases  that  the  most  interesting,  momen- 
tous, and  beautiful  revelations  and  discoveries  were  made. 
This  field  has  been  assiduously  investigated  by  Crookes,  Len- 
ard.  Roentgen,  Thomson  and  many  others. 

■  As  the  result  of  a  long  series  of  striking  and  remarkably 
beautiful  experiments  with  vacuum  tul)e  phenomena,  Crookes 
in  1877  conceived  the  idea  of  there  being  a  fourth  state  of 
matter  and  which  be  called  the  radiant  state.  It  appeared  that 
the  discharge  in  the  highly  rarefied  gas  assuming  new  proper- 
ties and  the  rotation  of  the  vanes  of  Crookes'  famous  radi- 
ometer lent  weight  to  the  idea.  In  experiments  of  this  class 
it  was  early  found  that  both  the  region  adjacent  to  the  elec- 
trode by  which  the  current  left  the  vacuum  tube,  called  the 
cathode,  and  the  electrode  itself  were  possessed  with  important 
properties.  T}ie  cathi-de  is  the  seat  of  a  kind  of  rays, —  rays 
that  travel  away  perpendicularly  from  the  electrode  and  are  of 
the  nature  of  particles  of  some  sort  shot  olT  into  the  vacuous 
space.  Invisible  themselves,  they  give  indication  of  their  ex- 
istence by  producing  a  phosphorescence  on  impinging  the  glass 
wall  of  tiie  tube  or  by  heating  a  target  of  platinum  properly  lo- 
cated, as  at  the  focus  of  a  concave  electrode.  A  most  remark- 
able and  unexpected  phenomenon  was  found  to  result  from  the 
bombardment  of  the  platinum  target  by  the  cathode  rays  or 
particles;  namely,  the  production  of  a  distinctly  different  kind 
of  radiation  known  as  Roentgen  Rays. 

It  was  early  discovered  that  the  cathode  rays  could  be  de- 
flected by  a  magnet;  and  this  in  accordance  with  the  electro- 
magnetic theory  of  INIaxwell  demonstrated  that  the  radiation 
was  an  electric  current  and  was  therefore  constituted  of  mov- 
ino"  charges.  This  idea  is  in  accord  with  the  fact  that  the  cath- 
ode particles  can  be  shown  to  possess  motion  and  carry  charges. 
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AVith  these  properties  and  others  in  mind,  J.  J.  Thomson 
sought  to  (h'termine  the  speed  and  the  value  of  the  mass-charge 
ratio,  that  is,  the  electro-chemical  equivalent.  The  former  was 
found  to  be  about  1-10  that  of  the  velocity  of  light  and  the 
latter  1-1000  of  that  of  the  electrolytic  electro-chemical  eqiiiva- 
lent  of  hydrogen.  Later  and  more  refined  research  along  this 
line  gave  v  the  value  4.5X10'*  em.  per  second  (the  ve- 
locity of  light  is  3X10^*^'  cm.  per  second),  and  the  charge — 
mass  ratio  for  the  cathode  ray  particle  was  found  to  be  greater 
than  1.01X10^"  and  less  than  1.55X10—"  (the  charge — mass 
ratio  for  hydrogen,  as  has  been  stated,  is  10^).  Different  meth- 
ods by  independent  investigators  gave  results  that  agreed  sur- 
prisingly- well  considering  the  experimental  difficulties  in- 
volved. 

It  Avas  further  discovered  that  these  values  were  inde- 
pendent of  the  kind  of  residual  gas  in  the  tube,  and  this  itself 
w^as  a  fact  of  greatest  importance  as  it  attested  that  the  ray  par- 
ticles were  of  a  substance  or  character  that  was  different  from 
anything  heretofore  known. 

The  charge — mass  ratio  of  the  cathode  particle  gives  no  in- 
dication as  to  the  actual  magnitude  of  its  two  factors  and  to 
solve  that  problem  called  for  work  of  the  highest  scientific 
order.  It  is  to  J.  J.  Thomson  that  the  interesting  and  elabor- 
ate experiments  which  give  the  values  of  the  charge  and  mass 
of  the  particle  are  due.  The  charge  was  found  to  be  the  usual  ion 
charge,  1-10-^  part  of  one  coulomb,  while  the  mass  was  only 
1-700  part  of  the  hydrogen  atom,  the  smallest  previously  known 
portion  of  matter.  Thus  it  is  seen  that  the  actuality  of  the 
masses  of  far  less  magnitude  than  atoms,  has  been  definitely 
established.  The  importance  of  this  event  in  the  scientifie 
world  can  hardly  be  overestimated.  A  simple  calculation  re- 
veals the  size  of  this  negatively  charged  cathode  particle,  which 
we  may  now  call  by  its  own  name,  electron,  which  is  aliout 
I-IO^-^  part  of  a  centimeter  in  diameter,  or  only  1-100,000  of  the 
size  of  an  atom  in  linear  dimension. 

In  connection  with  the  above  statements,  it  will  not  be 
without  interest  to  include  a  few  numerical  relations  Avhich 
are  due  to  Sir  Oliver  Lodge.  Simple  computations  show  that 
to  provide  an  atom  of  hydrogen  with  its  proper  mass,  and  that 
by  giving  it  electrons,  would  require  about  seven  hundred  of 
the  latter.  In  the  case  of  an  atom  of  sodium,  which  is  twenty- 
three  times  as  heavy  as  hydrogen,  23X700  electrons  would  be 
required,  and  in  the  case  of  mercury  no  less  than  100,000  elec- 
trons. 
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The  presence  of  100.000  electrons  occupying  a  space  of 
]0~''  centimeters  in  diameter  leads  to  the  consideration  of  the 
density  of  such  an  atom;  for.  without  a  little  calculation,  one 
might  think  that  the  electrons  were  highly  crowded.  On  the 
contrary,  however,  the  occupied  space  within  the  boundary  of 
the  atom  has  a  volume  ten  thousand  million  times 
greater  than  the  volume  of  the  swarm  of  electrons. 
Thus  even  in  an  atom  which  may  be  termed  dense,  there  is  no 
appreciable  degree  of  crowding;  in  fact,  the  electrons  are 
proportionately  no  closer  together  than  are  the  planets  of  the 
solar  system.  By  taking  one  of  the  theorems  of  the  modern 
theory  of  gases  as  our  starting  point,  it  is  easy  to  ascertain  that 
the  average  length  of  an  electron's  free  path,  moved  over  with- 
out encountering  another  electron  is  a  billion  times  its  own 
diameter.  The  length  of  this  free  path  in  other  atoms  will  be 
correspondingly  greater  or  less  in  proportion  to  the  density 
of  the  atom  in  question. 

In  the  case  of  an  electron  traveling  from  the  cathode  and 
striking  the  platinum  electrode  as  in  the  Roentgen  ray  tube, 
the  distance  of  penetration  will  be  of  the  order  of  a  thousandth 
of  a  millimeter.  Thus  it  is  that  the  Xrays  are  practically  gen- 
erated at  the  surface  of  the  electrode,  and  can  emerge  with  but 
small  loss  of  power.  The  actual  stoppage  of  an  electron  in  the 
last  portion  of  the  thousandth  of  a  millimeter,  and  the  negative 
acceleration  incidental  to  the  impact  of  the  electron  upon  an 
atom  such  as  platinum,  will  be  10--''  times  as  great  as  the  value 
of  the  gravitational  acceleration.  The  force  required  in  the 
present  case  would  be  one-tenth  of  a  dyne.  Likewise  the  power 
required,  which  is  easily  calculated  from  the  simple  equation, 
(force  X  distance)  divided  by  time  =  power,  or  introducing 
the  numerical  values  10— ^XIO— ^  divided  by  10— I'^IO'^  ergs  per 
second. 

The  energy  set  free  in  such  encounters  may  be  dissipated 
in  various  ways,  as  heat  manifested  by  the  heating  of  the  tar- 
get, or  as  radiation  in  the  form  of  X  rays.  Larmor,  who  math- 
ematically investigated  this  portion  of  the  subject  has  shown 
that  the  fraction  of  the  total  power  set  free  and  which  will  be 
radiated  is  given  by  the  ratio. 


dV 

where  r,  d,  v.  and  V  are  respectively  the  electron's  diameter, 
the  distance  passed  over  by  the  electron  in  its  stoppage,  its  nor- 
mal veloeit.v,  and  the  velocity  of  light.  If  the  electron  be  mov- 
ing with  a  velocity  of  a  tenth  of  that  of  light  and  if  stoppage 
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occurred  in  its  own  radius  then  about  twenty  per  cent  of  the 
energy  set  free  by  the  impact  wouki  be  radiated,  the  remainder 
wouki  be  taken  up  as  heat  by  the  atoms  surrounding  the  bom- 
barded atom. 

Further  consideration  leads  to  the  irrefutabk^  con- 
clusion that  the  electron  is  unit  quantity  of  electricity, 
nothing  more.  It  occupies  the  same  position  in  the  electron 
theory  that  the  atom  does  in  the  atomic  theory;  it 
is  the  indivisible  fundamental  electrical  quantity.  The 
time  may  come,  and  that  in  the  not  far  distant  future, 
when  the  atomic  theory  will  be  revised  or  completely  altered 
and  based  entirely  on  the  electron..  Even  from  the  present 
status  of  the  subject,  there  are  indications  that  the  properties 
of  ordinary  matter  may  quite  logically  be  explained  by  the  aid 
of  the  electron  and  its  properties. 

In  all  of  the  preceding  discussion  our  attention  has  been 
taken  up  with  the  negative  charge  and  sight  has  been  lost  of 
the  positive  electricty.  Eegarding  the  latter,  our  knowledge 
is  comparatively  meager  though  what  is  known  is  of  great 
bearing  on  a  complete  understanding  of  the  subject. 

In  experimenting  with  a  vacuum  tube  having  a  perforated 
cathode,  Goldstein  came  across  a  new  type  of  rays  in  the  space 
back  of  the  cathode  rays.  Canal  rays  was  the  name  given  to 
the  new  phenomenon.  AVien  proved  that  they  were  only 
slightly  deflected  by  a  magnet,  and  that  they  were  moving 
particles  possessing  positive  charges.  Their  velocity  was 
found  to  be  3x10"  centimeters  per  second,  more  than  a  hundred 
times  smaller  than  the  electron's  speed.  The  charge  to  mass 
ratio  was  about  10^  which  is  the  same  as  that  of  the  hydrogen 
atom  with  its  accompanying  charge  as  observed  in  elec- 
trolysis; that  is.  the  hydrogen  ion.  In  the  case  of  the  other 
gases  the  value  is  the  same  as  that  of  the  corresponding  elec- 
trolytic ion.  In  other  words,  these  particles  with  positive 
charges  are  nothing  else  than  ions. 

The  interpretation  of  these  facts  leads  to  the  conclusion 
that  positive  charges  are  always  associated  with  the  chemical 
atoms,  thereby  constituting  ions.  On  the  other  hand  the  nega- 
tive particles  are  sometimes  removed  or  torn  off  an  atom  just 
as  if  they  were  mere  appendages  or  loosely  attached  parts. 
It  will  also  be  seen  that  the  ion,  or  positive  unit,  can  by  no 
means  be  as  agile  or  attain  such  a  speed  as  the  electron,  bur- 
dened as  it  is  with  an  atom  which  constitutes  a  portion  of  its 
makeup. 

Thus  it  is  realized  that  the  negative  electron  can  exist  dis- 
tinctly separate  from  ordinary  matter  whereas  the  positive 
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electricity,  possibly  positive  electrons,  if  there  be  such,  are  al- 
ways associated  with  matter  and  as  yet  no  experimental  evi- 
dence to  the  contrary  has  been  encountered.  The  mass  of  the 
electron  has  been  shown  to  be  of  a  purely  electrical  nature, 
and  whether  or  not  the  atom  itself  will  reveal  a  constitution 
that  is  also  wholly  electrical  remains  unknown. 

In  the  early  part  of  this  article,  it  was  explained  how  the 
self-induction  of  the  moving  charge,  or  as  later  named,  the 
electron,  Avas  responsible  for  its  inertia  and  some  years  ago 
Heaviside  first  showed  the  inertia  increased  at  high  velocities. 
Later  investigation  has  indicated,  however,  that  although  the 
involved  equation  gives  the  inertia  an  infinite  value  when  the 
speed  reaches  that  of  light,  other  factors,  such  as  the  finite  size 
of  the  actual  particle,  enter  into  consideration  and  alter  the 
above  conclusion.  A  conclusive  experiment  of  Kaufman 
showed  that  the  charge  to  mass  ratio  increases  as  the  velocity 
approaches  that  of  light  and  since  it  is  too  improbable  to  sup- 
pose a  change  in  the  charge,  it  follows  that  the  mass  increases. 
This  result  is  in  accord  with  the  supposition  that  the  mass  is  of 
purely  electro-magnetic  origin. 

Since  the  electrons,  by  reason  of  the  electro-magnetic  laws 
involved,  possess  properties  that  perfectly  simulate  inertia  and 
thus  a  fundamental  property  of  matter,  nothing  stands  in  the 
waj''  of  supposing  that  matter  consists  of  anything  other  than 
systems  or  complexities  of  electrons.  Hence  it  may  be  ac- 
cepted that  the  material  atom  is  nothing  but  an  ordered  ar- 
rangement of  a  certain  number  of  positive  and  an  equal  number 
of  negative  electrons,  and  that  the  latter  in  whole  or  in  part 
move  about  the  mass  center  of  the  atom  in  the  same  manner  as 
astronomical  bodies. 

The  positive  ion  may  be  considered  as  an  atom  from  which 
one  or  more  negative  electrons  have  been  detached,  and  the 
negative  ion  may  be  looked  upon  as  an  atom  possessing  one  or 
more  extra  negative  electrons. 

The  present  theory  of  matter  will  without  a  doubt  give 
way  to  one  based  on  the  electron.  The  nature  of  the  electron 
itself  is  not  and  may  never  become  any  more  known  than  that 
of  the  atom  of  Dalton.  The  ultimate  or  absolute  nature  is  prob- 
ably even  beyond  the  scope  of  human  explanation  and  under- 
standing. 

In  conclusion,  it  is  to  be  recognized  that  the  electron  is  the 
fundamental  element  and  unit  on  which  is  based  a  theory  that 
bids  fair  to  explain  and  correlate  in  wonderful  and  positive 
manner  all  of  the  phenomena  encountered  in  the  domains 
of  physics,  chemistry,  and  electricity. 


BOOK    REVIEWS. 


STEAM  POWER  PLANT  ENGINEERING.  By  G.  P.  Geb- 
hardtjProfessor  of  Mechanical  Engineering-,  Armour  In- 
stitute of  Technology.  John  Wiley  &  Sons,  New  York. 
A.  C.  McClurg  &  Co.,  Chicago.  Pp.  816,  illustrations 
461,  8v().    Cloth,  $6  net. 

To  those  graduates  of  Armour  Institute  of  Technology 
who  were  privileged  to  be  in  Prof.  Gebhardt's  classes,  no  intro- 
duction to  this  book  is  necessary,  since  the  mechanical  engi- 
neering students  at  this  college,  for  some  years  past,  have  been 
aware  of  the  painstaking  and  detailed  work  of  its  preparation. 
The  subject  of  power  plant  engineering  has  been  treated  in  a 
systematic  manner  with  power  plant  apparatus  as  a  unit  of 
division.  In  addition  to  these  careful  studies  of  types  of  appa- 
ratus, there  are  included  chapters  on  operation,  finance  and 
economics,  testing  apparatus  and  methods;  and  for  reference 
purposes,  typical  specifications,  and  the  complete  standard  en- 
gine and  boiler  trial  code  of  the  American  Society  of  Mechan- 
ical Engineers. 

The  book  is  characterized  by  a  conciseness  of  diction  that 
permits  an  enormous  amount  of  material  to  be  included  in 
the  816  pages.  On  this  account  no  adequate  review  of  its  con- 
tents can  be  undertaken ;  but  it  is  without  question  the  finest 
work  in  its  field,  and  undoubtedly  the  last  word  on  power  plant 
equipment,   operation,  testing,   or  design. 

Two  features  make  the  book  unique  among  the  general  run 
of  engineering  literature.  The  illustrations,  461  in  numl)er, 
were  prepared  especially  for  this  book,  and  present  an  excep- 
tionally fine  appearance.  These  have  been  drawn  with  special 
reference  to  the  subject  matter,  and  are  a  distinct  relief  from 
the  customary  catalog  cuts  and  familiar  engravings  so  often 
used  in  engineering  books.  The  other  feature  is  the  very  com- 
plete bibliography  pertaining  to  the  subject  matter,  that  is 
included  after  each  paragraph  and  chapter.  This  has  been 
brought  strictly  up  to  date,  and  we  notice  careful  elimination 
of  obsolete  references.  The  feature  is  particularly  valuable 
to  the  student  and  engineer  since  it  permits  unlimited  exten- 
sion of  study. 

It  is  rarely  that  we  have  examined  a  book  covering  its 
own  subject  matter  in  a  more  authoritative  and  satisfactory 
manner,  and  we  predict  for  it  a  ready  adoption  as  the  stand- 
ard for  engineering  college  classes,  and  for  the  reference 
library  of  the  engineer. 
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ELECTKICAL  ILLU:\IINAT1XG  ENGINEERING.     By  Wm. 

E.  Barrows,  Assistant  Professor  of  Electrical  Engineer- 
ing, Armour  Institute  of  Technology.     :\IcGraw  Publish- 
ing Co.,  New  York.    A.  C.  McClurg  &  Co.,  Chicago.    Pp. 
216,  illustrations  135,  8vo.     Cloth,  $2  net. 
There  is  no  branch  of  electrical  engineering  that  has  de- 
veloped at  a  more  rapid  rate  than  has  the  field  of  illumination. 
Within  the  last  five  years  a  large  number  of  new  illuminants 
have  been  introduced,  which  as  light  sources  are  many  times 
more  efficient  than  the  older  types.     Along  with  this  develop- 
ment of  the  source  has  come  also  an  increasing  knowledge  as 
to  the  best  manner  of  use  of  the  lamp  so  as  to  obtain  the  most 
satisfactorv  illumination.     These  two  developments  have  given 
rise  to  the  modern  Illuminating  Engineer,  a  specialist  of  in- 
creasing usefulness  and  necessity. 

The  book  of  Professor  Barrows  is  a  very  desirable  addition 
to  the  literature  of  this  subject.  It  presents  in  convenient  form 
the  data  required  in  the  practice  of  the  Illuminating  Engineer, 
as  well  as  sufficient  explanation  to  enable  its  satisfactory  use 
as  a  class  room  text  book.  The  chapter  headings  mclutie : 
Light  and  Color,  Units  of  Illumination  and  Photometry,  Pho- 
tometry and  Photometers,  Spherical  Photometers  and  Integrat- 
ing Photometers,  Standards  of  Illuminating  Power,  Incandes- 
cent Lamps,  Arc  Lamps,  Flaming  Arc  Lamps,  Vapor  Lamps, 
Shades  and  Reflectors,  Illumination  Calculations. 

In  addition  to  its  value  to  the  Illuminating  Engineer,  the 
book  is  admirably  adapted  for  use  by  the  electrical  engineer 
who  is  not  an  illumination  specialist,  but  who  desires  an  up- 
to-date  working  knowledge  of  the  present  status  of  the  field 
of  illuminating  engineering. 


NEW  LABORATORY  EQUIPMENT. 


Department  of  Electrical  Engineering. 

Since  the  publication  of  the  last  annual  catalogue  of  Ar- 
mour Institute  of  Technology,  a  number  of  valuable  additions 
have  been  made  to  the  equipment  of  the  Dynamo  and  Electrical 
Laboratories.  The  experimental  apparatus  for  high  voltage 
work  has  been  rearranged  to  give  greater  facilities  for  testing. 
A  switchboard  has  been  installed  consisting  of  two  generator 
panels  and  two  feeder  panels,  which  control  15,000  volt  West- 
inghouse  solenoid  operated  oil  switches.  Other  equipment  on 
this  board  comprise  potential  transformers  aud  series  trans- 
formers, for  the  ammeters  and  voltmeters,  overload  relays,  etc. 

A  Northern  Interpole  Variable  Speed  motor  of  fifty  horse 
power  capacity  has  been  provided  for  operating  the  experi- 
mental alternators  which  are  controlled  by  the  above  men- 
tioned bpard.  The  motor  is  equipped  for  starting  with  a 
Cutler  Hammer  Heavy  Duty  starter,  with  intermediate  carbon 
plate  rheostat  between  the  usual  grid  speed  notches.  This 
enables  extremely  close  speed  control.  The  motor  is  arranged 
for  direct  connection  to  a  45  K.  W.  Westinghouse  60-cycle 
1100-volt  alternator,  and  to  a  30  K.  W.  Fort  Wayne  25-cycle 
110-volt  A.  C.  and  180-volt  D.  C.  double  current  generator. 
This  motor  can  also  be  belted  to  the  133-cycle  Wood  alter- 
nator. For  exciting  the  various  alternators,  there  has  been 
installed  a  Burke  Electric  Company's  motor  generator  set. 

In  the  electrical  laboratory,  a  Leeds  and  Northrup  A.  C- 
D.  C.  Comparator  for  standardizing  ammeters  and  voltmeters 
of  alternating  current  type,  has  been  purchased.  The  pho- 
tometry room  has  added  one  Ulbrich's  Spherical  Photometer, 
one  Shari>]Miller  Photometer,  eleven  Holophane  globes  and  re- 
flectors, a  Flaming  Arc  lamp,  and  a  Westinghouse  Magnetite 
Arc  lamp.  In  the  instrument  room  a  number  of  wattmeters, 
ammeters,  etc.,  for  various  purposes  have  been  added. 


Department  of  Chemical  Engineering. 

The  department  of  Chemical  Engineering  has,  during  the 
year,  purchased  or  built  and  installed  the  folloAving  equipment : 

A  complete  plant  for  the  manufacture  of  sugar  from  raw 
sugar  beets  or  cane,  consisting  of:  One  diffusion  battery  of  five 
bronze  cells  with  brass  connecting  tubes;  capacity  of  the  bat- 
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tery  about  2U  lbs.  of  dried  beets  or  cane,  equal  to  65  or  70  lbs. 
of  raw  material.  In  connection  Avith  the  battery,  there  is  a 
set  of  cast  iron  tanks,  heated  by  steam,  which  are  of  sufficient 
capacity  to  handle  the  diffusion  juices  for  liming  and  carbon- 
ating. 

One  filter  press  and  mont-jus.  built  to  order  and  having  a 
filtering  surface  of  approximately  8  sq.  ft.  One  steam  heated 
vacuum  pan,  suitable  for  vacuum  concentration  or  distillation. 
One  steam  heated  open  pan,  capacity  5  gallons.  One  10  in. 
centrifuge  with  bronze  basket.  One  ^McMullen  drying  kiln, 
with  drying  surface  of  approximately  80  sq.  feet. 

An  ore  crushing  and  sampling  plant,  built  to  order  by  the 
Sturtevant  Mill  Co.,  consisting  of:  One  2x6  roll  jaw  crusher; 
one  set  of  laboratory  rolls ;  one  disc  pulverizer ;  one  mechanical 
screen  with  screens  of  40.  60,  80  and  100-mesh ;  one  mechanical 
ore  sampler.  This,  combined  with  apparatus  already  installed, 
forms  a  very  complete  plant  for  commercial  assaying. 

An  entire  set  of  apparatus  for  the  study  of  metallography, 
consisting  of: 

One  power  polishing  machine,  built  to  order  and  designed 
for  the  polishing  of  metallurgical  specimens  for  microscopic 
examinations ;  one  microscope  built  to  order  for  metallographic 
work;  one  photomicrographic  camera. 

j\Iiscellaneous  apparatus,  consisting  of:  One  4-jar  labora- 
tory pulverizer  for  fine  grinding  of  pigments,  cement,  chemi- 
cals, etc.,  built  by  the  Abbe  Mill  Co. ;  one  rotary  vacuum  pump 
built  by  the  same  company;  one  platinum-lined  calorimeter 
built  to  order  b}'  Kolbe  of  Berlin ;  one  assay  balance  sensitive 
to  1-5000  of  a  milligram,  with  multiple  rider  carrier  attachment 
built  by  Ainsworth  of  Denver,  one  of  the  finest  on  the  market ; 
six  Becker  balances  for  students'  use,  and  one  Sartorius  bal- 
ance, capacity  one  kilogram ;  one  Fric  polariscope,  as  built  for 
the  United  States  custom  service ;  one  radiation  pyrometer ; 
one  Le  Chatelier  pyrometer;  one  electric  furnace,  designed  for 
carbon  combustions ;  one  set  of  twelve  electrically  heated  ether 
extraction  apparatus ;  one  barometer ;  several  sets  of  analytical 
and  button  weights  (guaranteed)  ;  one  Pilot  tube  with  differ- 
ential gauge ;  one  recording  pressure  gauge. 

In  addition  to  the  above  articles  of  permanent  equipment, 
the  apparatus  of  the  department  has  been  largely  augmented 
by  the  addition  of  apparatus  for  lecture  experiments  in  General 
Chemistry:  A  number  of  lantern  slides  for  purpose  of  class 
illustration ;  sets  of  graduated  instrumets,  calibrated  by  Reich- 
Anstalt,  and  a  very  complete  line  of  analyzed  cheuiicals  and 
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fine  glassware  for  analytical  work.  The  import  order  for  beak- 
ers, bottles,  glassware,  and  chemicals  for  the  past  year  totaled 
about  $5,000.00. 

Continual  additions  are  being  made  to  the  permanent  equip- 
ment apparatus,  much  of  it  being  designed  in  the  department 
and  built  to  order.  It  is  the  idea  of  the  department  to  have 
an  equipment  in  this  line  second  to  none. 


Department  of  Mechanical  Engineering. 

A  number  of  important  additions  to  the  equipment  of  the 
Mechanical  Laboratory  of  Armour  Institute  of  Technology 
have  been  made  during  the  past  year.  A  standard  ]\Iaster 
Car  Builder's  Drop  Testing  i\Iachine  with  its  accessories,  has 
been  installed  in  an  enclosure  near  Thirty-third  and  Dearborn 
Streets.  It  is  used  for  all  customary  acceptance  and  research 
tests  on  car  couplers,  draft  gears,  bolsters,  car  wheels,  and 
axles.  A  200  sq.  ft.  Multi-Flow  Surface  Condenser,  with  8  in. 
by  10  in.  Edv/ards  Air  Pump  have  been  purchased.  These 
in  connection  with  the  present  extensive  equipment  along  these 
lines,  offer  unequalled  facilities  for  research  in  the  department 
of  steam  engineering.  For  the  hydraulic  department,  a  Direct 
Connected  IMotor  Driven  Dayton  Single  Stage  Centrifugal 
Pump  has  been  added.  For  the  Gas  Engine  Laboratory  a 
Manograph  Optical  Gas  Engine  Indicator  for  use  with  engines 
of  extremely  high  rotative  speed  has  been  purchased.  A  stand- 
ard Rattler  for  abrasion  tests  on  paving  block  also  adds  to  the 
laboratory  facilities  along  these  lines.  In  addition  to  the  ap- 
paratus mentioned  above,  an  assortment  of  thermometers, 
pyrometers,  calorimeters,  gauges,  etc.,  aggregating  about  $4500 
in  cost  has  been  purchased  for  the  Mechanical  Laboratory  dur- 
ing the  last  vear. 


THE    ENGINEERING  SOCIETIES. 


Mechanical  Engineering  Society. 

During  the  last  half-year,  this  society  has  enjoyed  the  most 
prosperous  vear  of  its  existence.  At  the  first  meeting,  October 
13,  1908,  Mr.  George  A.  Grassby.  '09,  gave  a  talk,  "  The  De- 
velopment of  the  ^Nlotor  Cycle."  On  November  10,  Mr.  A. 
Johnson,  Chief  Engineer  of  Mandel  Brothers'  service  plant, 
gave  an  illustrated  description  of  the  up-to-date  system  of 
power  plant  accounting  which  has  been  adopted  by  his  firm.. 
Samples  of  many  log  forms  which  are  reijuired  to  be  filled 
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out  by  the  operating  engineers  and  the  type  of  power  plant 
bookkeeping,  devised  by  the  speaker,  were  shown  and  explained 
in  detail. 

Mr.  J.  L.  Spitzglass,  '09,  gave  a  paper  November  24,  on 
"  Modern  Gas  Production,"  which  was  followed  by  an  ex- 
tended discussion.  At  the  last  regular  meeting  of  1908.  Mr. 
H.  W.  Jones,  Engineer  The  People's  Gas  Light  and  Coke  Co., 
and  one  of  the  foremost  gas  engine  experts  in  the  country, 
gave  a  talk  on  "High  Compression  in  Gas  Engines."  All  his 
remarks  were  confirmed  by  actual  test  data  obtained  from  gas 
engines  in  or  near  Chicago.  The  speaker  dwelt  at  some  length 
on  the  failure  of  the  gas  engine  builders  to  properly  recognize 
the  advantages  of  high  compression,  and  reiterated  his  pub- 
lished offer  of  being  able  to  secure  greater  efficiency  with  all 
ordinary  gas  engines  by  increasing  the  compression.  He  also 
deplored  the  lack  of  data  as  to  those  pressures  which  will  give 
the  greatest  efficiency,  and  offered  all  possible  assistance  to 
students  who  would  undertake  experiments  along  this  line. 


Armour   Institute    Branch,    American   Institute   of  Electrical 

Engineers. 

An  account  of  the  various  papers  and  the  ensuing  dis- 
cussion at  these  meetings  has  already  appeared  in  the  Proceed- 
ings of  the  American  Institute  of  Electrical  Engineers,  and 
therefore  but  a  .brief  statement  is  given  herewith. 

The  papers  presented  during  the  last  semester  are  as 
follows : 

Storage  Batterv  Booster  Svstems. 

By  P.  G.  Downton,  '09^  Oct.  1,  1908 

Electrons. 

By  G.  E.  Marsh.  Oct.  15,  1908 

Selection  of  Eailwav  Motor  Etpiipment. 

By  G.  I.  Stadeker,  '09.  Nov.  5,  1908 

Operation  of  Substations  of  the  Commonwealth  Edison 

Companv's  Svstem. 

By  E.  W.  Petty.  '09.  Nov.  19,  1908 

Alternating  Current  Single  Phase  Commutator  ]\Iotors. 

By  Tracy  W.  Simpson,   '09.  Dec.  3,  1908 

Design  of  Conduit  System  for  Multiple  Office  Tele- 
phone Svstem. 

By  A.  P^  Strong,  '09.  Jan.  7,  1909 

The  paper  of  Mr.  G.  E.  IMarsh,  ''  Electrons,"  was  the  basis 
for  the  article  by  the  same  writer  that  appears  on  another 
page. 
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The  Armour  Civil  Engineering  Society. 
The  lectures  at  the  meetings  of  this  society  have  been  ex- 
tremely well  attended   and  have   been   undoubtedly  of   great 
benefit  to  the  hearers.     The  program  for  the  last  semester  is 
as  follows : 

Construction  of  the  Halsted  Street  Bridge. 

Bv  J.  C.  Penn,    '05.  Bridge  Department.  City  of 
Chicago.  Oct.  20,  1908 

(This  was  illustrated  by  lantern  slides,  and  many 
practical  points  of  construction  Avere  presented.) 
Reinforced  Concrete  Building   Construction. 

Bv  Ernest  McCullough,  C.  E.,  Mem.  ^\.  S.  E. 

Nov.    17.   1908 
(In  this  lecture,  especial  stress  was  laid  on  the 
use  of  various  practical  formulae  for  designing 
beams.) 
Concrete  Construction  for  Shops  and  Stations. 

By  E.  H.  Hiller.  '06.  Division  Engineer,  The  Chi- 
cago Railways  Co.  Dec.  1,  1908 
(Blue  prints  were  shown  of  many  of  the  new 
buildings  of  the  Chicago  Railways  Co.,  and  lan- 
tern slides  showed  construction  progress.) 
Some  Engineering  Problems. 

By  R.  S.  Spaulding.  '06,  Assistant  Engineer  AVater 
Pipe  Extension  Dept..  Citv  of  Chicago. 

Dec.    15,    1908 
Sewage  Purification. 

W.  S.  Shields.  C.  E.,  Sanitary  Engineer. 

Jan.    12,    1909 


THE   SENIOR  CHEMICAL  SOCIETY. 

At  the  first  meeting  of  the  Senior  Chemical  Society, J^f. 
H.  McCormack  gave  a  very  fine  paper  on  "  The  Part  of  the 
Chemist  in  Industrial  Work."  The  paper  dwelt  with  work 
done  in  the  past  in  the  conservation  of  our  natural  resources 
by  the  aid.  of  the  industrial  chemist.  :Many  features  were 
brought  up  which  were  entirely  novel  to  the  hearers,  and  in 
the  discussion  following,  the  speaker  gave  many  personal  inci- 
dents on  the  subject. 

At  the  next  meeting.  Prof.  B.  B.  Freud  presented  the  sub- 
ject of  "  The  Chemist  and  Society."  The  speaker  took  up  the 
position  now  occupied  by  the  ordinary  chemist  in  society,  and 
gave  incidents  showing  the  position  due  him  according  to  the 
quality  of  his  work.  The  paper  did  much  to  inspire  enthusi- 
asm in  the  younger  members  of  the  audience.  At  the  last  meet- 
ing, Mr.  E.'W.  Mc Mullen  read  a  paper  on  "  New  Methods  of 
Sugar  Refining,"  which  took  up  the  new  methods  now  being 
tested  at  the  Institute,  and  their  probable  effect  on  the  sugar 
industry. 
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The  location  of  a  College  of  Engineering 
The  Engineering'  in  a  l)ig  industrial  city  has  ol)Yious  advan- 
Colleg-e  and  tages,   many   of  Avhich   cannot  l)e   over-es- 

the  Larg-e  City.        timated.    The  great  engineering  projects  as 

a  rnle  originate  in  and  emanate  from  the 
large  cities;  here  are  found  the  great  industrial  manufac- 
turing plants,  showing  the  application  of  the  principles  of 
engineering  in  all  of  its  phases,  and  here  may  he  seen  and  in- 
spected the  most  modei'n  and  up-to-dat<'  methods  of  engineer- 
ing practice. 

In  the  electrical  and  mechanical  fields  are  the  latest  types  of 
power  plants  equipped  with  the  mosit  efificient  machinery;  here 
also  are  to  be  found  the  latest  developments  in  electric  traction 
for  both  urban  and  interurban  railways.  The  offices  of  the 
telephone  companies,  showing  their  intricate  and  complicated 
systems  of  exchange,  are  always  open  for  inspection  to  those 
interested  in  this  particular  line  of  engineering.  Electro-chem- 
i.stry  and  illumination  are  branches  of  electrical  engineering 
which  are  fast  being  developed  principally,  in  the  cities. 


^'/h 
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Chicago,  as  a  tj'pe  of  an  engincH'ring  city,  has  much  to 
offer.  The  new  steel  plant  at  Gary,  Indiana,  has  in  its  gas 
power  and  gas  producer  sections,  the  best  models  of  their  kind 
probably  in  the  world.  These,  together  with  the  perfected 
processes  of  ore  handling  and  steel  manufacture,  make  this  one 
of  the  most  interesting  and  instructive  places  for  the  mechan- 
ical and  chemical  engineer.  The  Pullman  Car  Works,  the  In- 
ternational Harvester  Company's  plants,  the  various  eleotrical. 
and  machiiiery  manufacturing  companies  are  illustrative  of 
the  opportunities  for  the  inspection  and  study  of  the  very  lat- 
est technical  appliances,  designed  bj'  the  most  capable  en- 
gineers. 

The  civil  engineer  is  in  constant  touch  with  the  different 
phases  of  municipal  engineering  development,  including  bridge 
building,  sewer  systems,  pumping  stations,  railway,  hydraulic, 
and  sanitary  engineering.  There  are  to  be  found  at  any  time 
in  all  stages  of  construction,  the  different  types  of  bridges 
masonry,  concrete  and  steel  structures,  sewers,  water  supply 
systems,  subways  and  tunnels. 

There  probably  have  been  more  new  processes  of  manu- 
facture developed  along  the  line  of  chemical  engineering  than 
any  other  branch  of  the  profession.  Especially  is  this  notice- 
able in  industrial  chemistry  and  its  association  with  engineer- 
ing problems.  There  is  no  other  city  as  able  to  pro- 
vide the  varied  examples  of  manufacturing  involving  chemical 
processes  as  Chicago.  The  stock-yards,  with  its  various  plants, 
including  fertilizer,  glue,  glycerine,  pepsin,  and  soap  works; 
the  different  by-products  companies ;  paint,  white  lead,  and 
varnish  works;  breweries  and  distilleries;  gas  works;  steel, 
smelting  and  refining,  and  cement  plants;  food  products  and 
sugar  making  companies;  oil  refineries  and  glass  works,  are 
some  of  the  places  which  are  always  of  interest  to  the  chemical 
engineer. 

For  those  interested  in  fire  protection  and  fire  prevention, 
the  City  of  Chicago  offers  exceptional  facilities  in  the  Under- 
writers' Laboratories,  the  only  laboratories  of  their  kind  in  the 
Ignited  States.  Tn  addition,  the  municipal  organization,  includ- 
ino-  the  fire  department,  with  its  alarm  and  telegrapli  systems, 
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fire  boats,  etc. ;  the  insurance  survey  bureaus,  the  Board  of  Un- 
derwriters, as  well  as  the  fire  insurance  companies  themselves, 
invite  inspections  of  the  ways  and  means  of  fighting  fire  found 
only  in  a  live  manufacturing  city. 

To  say  nothing  of  educational  facilities  provided  by  a 
school  for  the  study  of  architecture,  it  is  patent  even  to  the 
laj'man  that  the  place  to  study  l)uilding  in  all  of  its  phases  is 
where  building  is  ])eing  done.  There  is  not  a  time  of  the  year 
but  what  can  be  found  in  Chicago  and  its  environs  any  type 
of  structure  or  building  that  is  of  interest  to  the  student  of 
architecture.  Suburban  residences,  city  dwellings,  modern 
apartments,  churches,  theaters,  libraries,  factory  l)uildings. 
manufacturing  plants,  stores,  and  hotels,  can  be  seen  and  in- 
spected in  any  stage  of  erection  and  whenever  desired. 

To  all  of  the  above  and  more,  the  student  af  engineering 
in  a  big  city  has  easy  access  and  it  forms  no  inconsiderable  part 
of  a  liberal  technical  education.  The  inspection  trip  is  looked 
upon  by  technical  educators  as  having  an  educational  influence 
of  no  mean  value.  Students  of  engineering  departments  of  uni- 
versities and  colleges  of  engineering  within  a  radius  of  five 
hundred  miles  of  Chicago  make  annual  trips  to  this  great  in- 
dustrial city  for  purposes  of  inspection,  but  their  investigations 
are  necessarily  casual  and  limited  on  account  of  the  short  time 
allowed  for  leave  of  absence  from  their  regular  college  work. 
To  obtain  the  greatest  value  from  in.spection  visits,  tlie  student 
should  wait  until  his  junior  and  senior  years.  While  these 
visits  at  the  beginning  of  a  college  course  are  of  value  in  incit- 
ing a  spirit  of  interest  in  engineering,  there  is  sometimes  a 
disposition  on  the  part  of  the  student  to  make  the  trip  a  sort 
of  junket  and  an  outing  rather  than  a  serious  occasion  for  the 
collecting  of  valuable  practical  information.  These  matters, 
however,  are  left  to  the  discretion  of  the  instructor  who  usually 
accompanies  the  students  and  who  judges  at  what  period  of 
the  course  certain  trips  are  to  be  made.  Great  value  is  at- 
tached to  the  opportunity  given  to  senior  students  in  the  inves- 
tigation of  sul)joets  assigned  to  them  for  graduating  theses. 
They  often  spend  weeks  and  (n'en  months  in  power  plants  and 
engineering  offices  collecting  data  which  are  invaluable  to  them 
not  only  for  thesis  material,  but  which  can  be  used  in  after  life 


136  THE    ARMOTTR    ENGINEER  [Vol.   1,   No.  2 

in  the  practice  of  their  profession.  Managers  and  superintend- 
ents of  works  are  usually  very  willing  to  give  permission  for 
this  detailed  investigation,  and  in  many  cases  they  get  infor- 
mation from  students  which  is  of  practical  benefit  in  raising 
the  efficiency  of  their  plants  and  which  they  have  not  taken 
time  to  investigate  thoroughly  before. 

Here  again  the  city  student  has  the  advantage.  In  many 
cases,  on  account  of  his  intimate  and  continued  association  with 
engineers  and  with  those  in  charge  of  engineering  projects, 
power  plants,  manufacturing  industries,  etc.,  he  has  uncon- 
sciously paved  the  way  for  the  offer  of  a  good  position  after 
leaving  college.  When  the  employer  of  engineers  wishes  to  in- 
crease his  force  of  assistants,  it  is  certainly  much  easier  and 
more  satisfactory  to  l)e  al)le,  through  the  use  of  the  telephone, 
to  find  a  candidate  ready  to  present  himself  prepared  for  work, 
within  a  few  hours,  than  it  is  to  waste  time  in  correspondence 
Avith  a  school  of  engineering  many  miles  away.  During  pros- 
perous times,  the  demand  for  engineers  is  great,  and  the  college 
of  engineering  in  a  big  city  has  unusual  facilities  to  obtain 
employment  for  its  graduates.  And  again,  the  undergraduate 
student  need  have  little  trouble  in  finding  employment  to  de- 
fray the  expenses  of  his  college  course.  There  are  many  ways 
and  means  in  a  city  like  Chicago  for  the  young  man  who  is 
determined  to  realize  his  ambition  in  the  acquisition  of  a  college 
education.  We  hope  in  the  near  future  to  have  some  data, 
systematically  arranged,  with  reference  to  this  subject,  and  it 
should  form  an  interesting  and  helpful  bit  of  information. 

There  is  another  side  of  student  life  in  a  big  cosmopolitan 
city  which  should  appeal  to  those  who  desire  something  more 
in  their  college  career  than  merely  enough  to  prepare  for  tlie 
practice  of  their  profession.  Here  the  student  is  able  to  come 
into  association  with  the  ])est  life  of  every  kind.  The  mightiest 
life  of  the  nation  pours  into  the  city.  Here  the  best  preachers 
have  their  pulpits ;  here  the  l)est  lecturers  bring  their  mes- 
sages; here  the  best  influences  of  art  and  music,  and  of 
every  form  of  nolile  enjoyment  cluster;  here  the  associa- 
tion of  man  with  man  is  more  intimate  and  more  formative 
of  the  best  character.     It  is  also  said  that  the  enjoyment  of 
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nature  is  more  intense  to  one  who  spends  a  part  of  his  ener- 
gies and  time  amidst  the  works  of  man  than  to  one  who  is 
remote  from  the  most  active  human  interests.  But  with  all 
the  opportunities  and  educational  facilities  offered  by  the  big 
city,  the  best  that  the  college  can  do  is  to  fit  the  young  man 
to  fircparc  for  the  practice  of  his  profession.  Whether  the 
young  man  will  make  a  successful  engineer  depends  entirelj' 
upon  himself,  and  the  manner  in  which  he  takes  advantage 
of  his  opportunities.  If  the  college  has  done  its  duty  to 
the  student  and  the  student  has  done  his  duty  to  the  college, 
the  result  should  be  that  the  boy  who  came  as  the  verdant, 
unsophisticated  freshman  should  leave  at  least  a  gentleman, 
more  or  less  of  a  thinker  and  a  scholar,  a  citizen  of  honor  to 
his  alma  mater  and  to  his  country.  The  successful  engineer 
must  be  a  man  of  true  and  loyal  instincts,  for  nature  is  im- 
perious, and  those  who  use  her  tools  for  their  handicraft  must 
make  obeisance  to  her  majestic  commands. 

II.      M.      RAYMONn. 


The  amount  of  taxation  of  a  public  utility 
Valuation  for  company  l)y  a  nninicipality  is  a  determining 
Taxes  and  for  factor  in  the  charge  for  its  product  which 
Rate  of  Return    the  company  must  make  in  order  to  insure 

for  itself  a  rate  of  return  on  investment  com- 
mensurate with  the  more  or  less  hazardous  nature  of  the 
business. 

Assuming  that  the  charge  for  service  is  regulated  by  means 
of  a  commission,  or  otherwise,  to  such  a  low  amount  as  to  per- 
mit only  this  reasonable  return  to  the  company,  it  is  at  once  ap- 
parent that  the  addition  of  a  tax  burden  will  necessitate  an  in- 
crease of  rate  of  charge  and  vice  versa  In  the  case  of  a  public 
utility  company  which  serves  all  of  the  people  of  a  given  city, 
it  is  evident  that  as  far  as  city  taxes  are  concerned,  the  case  is 
one  of  the  company's  paying  back  to  the  consumer  on  the  one 
hand  through  the  medium  of  taxes,  while  taking  an  equiv- 
alent amount  on  the  other  from  the  consumer  liy  an  in- 
crease of  charge.     Hence  the  taxation  of  a  public  utility  com- 
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pany  which  has  its  rates  regulated  by  a  commission  is  merely 
one  of  trading  dollars  with  no  gain  to  anyone,  but  rather  a 
loss  due  to  cost  of  the  transaction. 

City  taxation  of  street  railway,  lighting,  or  water  com- 
panies which  provide  utilities  used  throughout  the  city  is  in  the 
category  above  stated.  In  the  ease  of  state  taxes  of  a  city  com- 
pany, or  city  taxes  on  a  property  which  only  lienefits  a  portion 
of  that  city,  such  as,  say,  a  short  railway,  a  ferry  company,  or 
companies  which  are  in  the  same  business  but  of  different  size 
and  segregated  territorially ;  the  conclusion  as  to  the  advisabil- 
ity of  eliminating  taxes  is  not  altogether  valid,  since  it  is  proper 
to  collect  a  small  charge  from  the  user  of  such  a  utility  to 
apply  on  the  cost  of  the  whole  government  by  virtue  of  which 
the  company  does  business  locally. 

In  such  cases  the  important  question  arises : — Shall  the  rate 
of  taxation  be  based  on  the  same  property  valuation  as  is  that 
upon  Avhich  the  allowable  rate  of  return  on  investment  is  based 
by  the  regulating  commission? 

It  has  been  suggested  by  an  engineer  who  is  interested  in 
these  problems  that  the  taxable  valuation  of  a  property  should 
be  its  replacement  value  depreciated  to  present  condition, 
whereas  the  rate  of  return  should  be  allowed  on  the  total  val- 
uation of  the  property  to  the  owner,  which  will  include  physical 
and  intangible  values.  This  is  strictly  in  line  with  the  idea,  to 
use  a  homely  comparison,  that  the  old  horse  is  taxed  at  a  valua- 
tion independent  of  its  having  been  nursed  all  its  life  by  an  ex- 
pen.sive  veterinary  and  at  present  idle,  or  of  its  having  been 
continuously  employed  in  lucrative  teaming  since  its  maturity, 
provided  its  replacement  value  is  the  same  in  the  two  cases. 

Taxation  on  total  valuation  does  not  seem  reasonable  in 
the  light  of  the  above  statements. 

On  the  other  hand,  it  is  necessary  that  the  allowalile  rate 
of  return  to  the  utility  should  be  on  a  total  valuation  Avhich 
represents  the  value  of  the  property  to  its  owner,  and  is  made 
up  of  physical  and  intangible  valuation,  the  various  items  of 
which  have  been  so  carefully  analyzed  by  H.  C.  Abell.  (THE 
ARMOUR  ENGINEER.  Jan.  1900.)  The  value  of  a  property 
to  the  owner  is  different  from  its  value  to  the  community  it 
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serves,  and  it  is  just  and  reasonable  that  the  rate  of  return  be 
allowed  on  its  value  to  the  owner;  i.  e.,  total  valuation;  and  for 
taxing  purposes,  on  its  value  to  the  community;  i.  e.,  its  de- 
preciated replacement  value. 


The  excellent  analysis  of  the  total  valu- 
Reorganization  on  ation  of  a  property  as  presented  by  H. 
the  Basis  of  Public  C.  Abell  (THE  AR^IOUR  ENGINEER, 
Utility  Commission  Jan.  1909)  shows  it  possil)le  to  prove  a 
Valuations  total  valuation  greater  than  the  replace- 

ment    value     by     a     large     percentage. 
Certain  of  the  items  listed  in  this  analysis  have  given  rise 
to  much  debate  as  to  their  proper  inclusion  in  an  estimate  of 
total  valuation.     These  are: 

"The  loss  due  to  operation  until  the  utility  is 
on  a  paying  basis." 

"The  loss  in  interest  and  profits  on  the  invest- 
ment from  the  first  operating  period  to  a  time  when 
expenses  and  interest  are  earned." 
It  has  been  suggested  that  the  unrestrained  inclusion  of 
these  items  Avould  lead  to  excessive  valuations,  since  they  offer 
a  means  of  making  up  for  bad  judgment  on  the  part  of  the 
original  promoter.     There  is  no  doubt,  however,  that  a  certain 
amount  of  this  class  of  charge  is  reasonable,  especially  so  if  any 
of  the  securities  were  of  the  cumulative  dividend  class. 

When  a  property  is  being  refinanced,  and  rates  are  being 
adjusted  and  securities  exchanged  under  the  control  of  pub- 
lic utility  commissions,  the  question  is  very  important  as  to 
how  much  of  these  intangilile  value  factors  may  be  reasonably 
•  included,  for  it  is  certain  they  can  be  included  to  excess. 

A  tentative  plan  which  has  come  to  our  notice  provides 
that  bonds  shall  be  issued  to  an  amount  equal  to  three  fourths 
of  an  amount  which  shall  be  the  replacement  value  of  the  prop- 
erty plus  the  cost  of  putting  tlie  property  in  first  class 
operating  condition.  Stock  shall  then  be  issued  for  an  equal 
amount,  so  that  the  total  securities  will  be  one  and  one- 
half  times  the  physical  valuation  of  the  reconstructed  prop- 
erty. The  charge  for  service  would  then  be  adjusted  to 
give  a  reasonable  rate  of  return  on  this  total  security.  The 
margin  of  fifty  per  cent  would  cover  in  most  cases  the  in- 
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tangible  values,  and  yet  serve  to  limit  the  abuse  of  the  factors 
of  intangible  valuation  a's  noted  above.  The  exact  plan  of 
financing  in  any  particular  case  would  follow  this  tentative 
plan  with  such  modifications  as  are  warranted  l)y  local  condi- 
tions. 

With  such  conservative  financing  the  underwriting  charge 
would  be  very  small,  and  the  stock  holders  would  receive  a 
return  on  investment  well  above  the  bond  interest  rate.  This 
should  certainly  be  the  case  considering  the  nature  of  the  pub- 
lic utility  business.  The  plan  is  commendable  and  worthy  of 
notice  since  it  provides  an  efficient  compromise  Ix'tween  the 
conflicting  interests  involved. 


The  question  of  urban  transportation  in  the 
Track  Capacity  large  centers  of  population  is  one  of  the  most 
and  important  engineering  problems  of  the  pres- 

Rapid  Transit        ent  day.     It  possesses  so  many  diverse  fact- 
Service  ors,  is  so  closely  related  to  the  development 

of  the  city  and  to  broad  questions  of  finance 
and  public  policy,  that  only  a  master  mind  is  capable  of  grasp- 
ing the  innumerable  complexities  of  the  problem.  Nevertheless 
tlie  determination  of  a  comprehensive  plan  for  the  development 
of  urban  transportation  should  ])e  a  part  of  the  work  of  every 
city  government,  since  it  is  only  by  careful  study  of  this  sort 
that  mistakes  can  be  avoided.  It  is  significant  that  all  the  large 
cities  at  present  have  one  or  more  engineering  boards,  transpor- 
tation committees,  or  similar  ])odies,  Avhich  may  report  on  the 
subjects  either  to  the  city  or  to  commercial  associations.  It  is 
proper  that  such  work  should  be  done  l)y  these  public  repre- 
sentatives since  an  operating  company  can  hardly  be  expected 
to  have  constantly  in  mind  the  l)road  view  point  of  a  properly 
constituted  public  commission  whicli  is  advised  by  high  class 
engineering  talent. 

Among  the  problems  to  be  taken  up  by  such  an  engineering 
organization  is  that  of  providing  maxinuun  possible  facilities  for 
travel  per  dollar  of  invested  capital.  In  no  case  is  this  more 
important  than  for  underground  and  elevated  systems  which 
by  their  nature  are  expensive  to  construct,  and  which  offer  at 
best  but  a  fair  return  on  investment.     An  important  means  of 
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attaining  this  result  is  by  so  distributing  the  investment  that 
the  "use  factor"  of  all  parts  of  this  system  shall  be  the  same; 
that  is,  it  is  x)Oor  economy  to  build  a  subway  or  elevated  road, 
the  track  of  which  will  carry  more  cars  per  hour  than  can  be 
loaded  at  the  stations.  Furthermore  every  part  of  the  system 
should  be  closely  examined  in  order  that  no  limiting  points 
such  as  badly  arranged  signals,  track  crossings,  etc.  shall 
occur.  In  addition  every  attempt  should  be  made  to  increase 
the  specific  carrying  capacity  at  all  points  in  order  that  the 
peak  load  carrying  ability  will  be  highest  possible.  The 
habit  of  city  residents  in  America  is  to  travel  in  the  morning 
and  in  the  evening,  hence  the  importance  of  high  peak  capacity 
from  the  standpoint  of  company  as  well  as  of  passengers. 

The  analysis  of  conditions  obtaining  in  present  subway  or 
elevated  railway  systems  is  probably  most  important,  since 
these  roads  form  the  customary  trunk  line  by  which  the  city 
worker  travels  to  and  from  business,  doing  so  on  account  of 
their  relatively  greater  speed.  They  have  been  the  means  of 
upbuilding  large  sections  of  formerly  unoccupied  territory,  and 
the  traffic  density  is  usually  abnormally  high.  It  is  generally 
realized  that  even  with  such  enormous  peak  traffic  as  these 
lines  possess,  they  are  not  unqualified  financial  successes,  and 
any  means  of  increasing  peak  carrying  capacity  should  be  wel- 
comed by  the  owners  of  such  roads. 

Also  on  this  account  the  design  of  new  transit  systems 
should  be  carefully  scrutinized,  and  an  estimate  of  maximum 
carrying  capacity  should  be  a  part  of  all  designs  and  plans. 
and  then  in  conjunction  with  the  traffic  load  factor,  the  financial 
success  or  non-success  can  be  reasonably  ascertained. 

Until  recent  years  the  design  of  rapid  transit  systems  of 
the  elevated  and  subway  class  was  rarely  undertaken  with  this 
idea  in  mind  of  estimating  the  peak  carrying  capacity,  but  ex- 
perience has  shown  that  the  heavy  investment  at  stake  makes 
such  determination  vital  to  the  success  of  the  project. 

The  business  of  a  transportation  system  should  be  to  carry 
passengers,  and  the  consideration  of  speed  should  be  subser- 
vient thereto.  It  is  interesting  to  note  that  for  most  conditions, 
the  maximum  carrying  capacity  of  a  system  is  attained  when 
the  trains  are  operated  at  a  speed  much  below  that  in  present 
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general  use  in  the  subway  and  elevated  roads  of  the  country. 
The  present  speed  has  been  an  important  item  in  developing 
the  territory  through  which  the  road  travels,  and  an  increase 
of  car  capacity  by  decreasing  speed  of  trains  much  below  pres- 
ent actual  rush  hour  speeds  should  not  be  permitted.  Jn  this 
connection,  it  is  interesting  to  note  that  the  "reservoir  station" 
system  as  proposed  by  Bion  J.  Arnold  for  conditions  at  New 
York  City,  provides  the  highest  ''critical  speed"  of  any  of  the 
numerous  proposed  methods  of  increasing  carrying  capacity. 
By  "critical  speed"  is  meant  that  value  of  maxinuim  speed  of 
trains  at  which  the  system  should  be  operated  to  give  the  high- 
est car  capacity. 

]\Ir.  Thos.  A.  Banning  Jr..  in  his  analysis  of  this  reservoir 
station  capacity  on  another  page  shows  this  critical  speed  at 
which  the  carrying  capacity  of  the  system  (station  and  track 
combined)  is  greatest  at  about  35  miles  per  hour,  for  the  as- 
sumed constants  of  operation  used  in  his  study,  which  are  very 
close  to  New  York  Subway  conditions.  This  fact  is  an  imp:)rt- 
ant  argument  for  the  adaptability  of  this  system  of  building 
subways  to  New  York  conditions. 

This  article  by  IMr.  Bainiing  is  by  far  the  l)est  discussion 
of  the  prol)k'm  of  carrying  capacity  tliat  we  have  ever  seen,  and 
it  deserves  to  be  read  with  interest.  Some  work  of  this  nature 
has  been  done  by  the  engineers  having  in  charge  the  e(|uip- 
ment  with  electricity  of  Der  Berliner  Ring  und  Stadtbahn  and 
by  the  liiterborough  Rapid  Transit  Company  in  a  study  made  of 
conditions  previous  to  the  opening  of  the  Brooklyn  extension, 
but  there  has  never  been  pul)lished  anything  approaching  this 
analysis  in  completeness.  A  knowledge  of  train  dynamics  to- 
gether with  rational  assumptions  as  to  operating  constants  is 
the  means  of  leading  to  definite  and  determinable  answers  to 
questions  that  heretofore  have  been  hazy  and  ill  defined.  For 
any  system  having  trains  operating  over  tracks  with  stations  at 
known  distances  ai)art.  with  trains  driven  by  motor  equipment 
of  known  characteristics,  and  with  station  stops  controlled  so 
as  to  be  reasonably  constant,  a  definite  answer  can  be  found  to 
the  question,  "What  is  the  car  capacity?"  The  methods  are 
invaluable  for  the  analysis  of  present  systems  and  for  forecast- 
nig  the  working  out  of  any  proposed  means  of  operation  of 
present  or  unbuilt  transportation  systems. 


THE  HYDROMETER  IN  THE  OPERATION  OF  STORAGE 

BATTERIES. 

BY    L.    H.    FLANDERS.* 

Instructions  written  several  years  ago  for  the  operation 
of  storage  batteries  frequently  laid  great  stress  on  the  deter- 
mination of  the  end  of  charge  and  discharge  by  the  cell  volt- 
age on  closed  circuit.  Examples  are:  "Never  discharge 
below  1.8  volts  per  cell."  "Stop  the  charge  when  the  voltage 
reaches  2.5  volts  per  cell. "and  various  other  modifications  of 
the  same  idea.  Even  at  the  present  time  the  voltmeter  is  (jften 
considered  the  one  adjunct  in  determining  the  end  of  discharge 
and  charge. 

The  average  person  concerned  with  storage  batteries  has 
the  above  voltage  idea  so  firmly  fixed  in  his  mind,  and  has  so 
little  conception  of  what  really  takes  place  in  the  cells,  that 
the  battery  is  sometimes  ruined,  even  when  the  instructions 
are  conscientiously  followed.  Therefore,  while  recognizing 
the  desirability  and  even  necessity  of  using  voltmeter  readings 
to  arrive  at  the  condition  of  a  battery,  it  is  the  purpose  of  this 
article  to  show  that  the  true  condition  of  a  battery  can  be 
learned  only  by  the  use  of  the  voltmeter  in  conjunction  with 
the  hydrometer. 

The  changes  taking  place  in  the  lead  storage  battery 
during  discharge  and  charge  are  shown,  for  practical  purposes, 
in  Fig.  1  where  the  essential  elements  are  represented  dia- 
grammatically.  In  the  charged  battery  (1,  Fig.  1)  the  active 
material,  peroxide  (^f  lead  (PbO.^),  supported  on  a  lead  con- 
ducting framework,  is  the  p;)sitive  electrode,  sponge  lead  (Pb), 
supported  on  a  similar  framework,  is  the  negative  electrode, 
and  a  mixture  of  sulpliuric  acid  (IL.SO^)  and  water  (H.O)  is 
the  electrolyte. 

AVhen  the  circuit  is  completed  by  turning  on  lamps  (2, 
Fig.  1),  current  flows  from  the  positive  plate  through  the  lamps 
into  the  negative  plate,  through  the  solution  back  to  the  posi- 
tive plate.  Due  to  electrolysis,  the  positive  plate  gives  up  its 
oxygen  and  is  converted  into  lead  sulphate  (PbSO^).  The 
negative  plate  is  also  converted  into  lead  sulphate,  and  water 
is  formed  from  the  oxygen  of  the  positive  plate  and  the  hydro- 
gen of  the  sulphuric  acid. 

This  action  continues  until  the  amount  of  sulphate  formed 
on  both  plates  cuts  off  the  remaining  active  material  from  the 
action  of  the  current  and  electrolyte  (3,  Fig.  1). 

*Class    Wm.      Engineer.    StoruLre    Buttery    Deijartment,    Westingliouse    Machine 
Couipauy,  East   Pittsburgli,   Pa. 
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Fig.  1.    Showing  Reactions  in  Lead  Storage  Cell. 
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If  the  positive  and  negative  terminals  of  a  generator  1)C 
connected  respectively  to  the  positive  and  negative  terminals 
of  the  battery,  current  fiows  from  the  generator  into  the  posi- 
tive, throi^.gh  the  solution  to  the  negative  plate.  ])ack  to  the 
generator  (4,  Fig.  ]).  Here  the  action  which  takes  place  is  the 
reverse  of  discharging.  Sulphate  from  both  plates  unites  with 
hydrogen  of  the  water  to  form  sulphuric  acid,  and,  as  a  result, 
the  negative  plate  is  reduced  to  a  lead  sponge  and  the  positive 
plate  is  oxidized  to  lead  peroxide.  At  the  end  of  the  charge 
the  battery  is,  theoretically,  in  the  same  state  as  at  the  be- 
ginning of  discharge,  shown  by  1,  Fig.  1. 

The  above  explanation  of  the  action  in  a  storage  battery 
is  known  as  the  sulphation  theory,  and  is  noAv  generally  held 
to  be  correct.    It  may  be  expressed  by  the  equation: 

Pb+PbO.+2H,SO,=2PbSO,+2HJ). 
Heading  from  left  to  right  represents  discharging  and 
from  right  to  left  charging.  For  a  detailed  analysis  of  the 
reactions  in  a  storage  battery,  those  interested  are  referred  to 
"Theory  of  the  Lead  Accumulator",  translated  by  Dr.  Carl  L. 
von  Ende  from  the  German  of  Dr.  Friedrich  Dolezalek. 

According  to  the  above  theory  and  Faraday's  Law,  for 
each  ampere-hour  put  into  the  battery  on  charge,  there  are 
formed  3.66  gr.  of  sulphuric  acid,  and  there  is  absorbed  0.672  gr. 
of  water.  Conversely,  for  each  ampere-hour  taken  out  of  the 
battery  on  discharge,  the  solution  loses  3.66  gr.  of  sulphuric 
acid  and  gains  0.672  gr.  of  water.  This  means  that,  if  the 
decrease  in  the  amount  of  sulphuric  acid  in  the  solution  can  be 
measured,  the  ampere-hour  output  can  be  determined. 

The  change  in  the  amount  of  sulphuric  acid  and  water  in 
the  solution  afiPects  the  density  in  direct  proportion  to  the 
change  in  acid.  The  hydrometer,  measuring  the  change  in  den- 
sity, therefore,  indicates  the  amount  of  change  in  the  sulphuric 
acid  content  of  the  solution,  and  hence  indicates  the  ampere- 
hours  necessary  to  produce  such  change,  provided  the  initial 
volume,  initial  density  and  final  density  be  known.  For,  at  a 
temperature  of  70°  F. : 

Let  Vj  =  initial  volume  of  solution  in  e.  c.  =^  4250  c.  c. 
Vo  =  final  volume  of  solution  in  c.  c. 
Sj  =  initial  specific  gravity  of  solution  =  1.200 
8.,  =  final  specific  gravity  of  solution  =  1.164 
Pj  =  per  cent  sulphuric  acid  for  s.  g.  8^^27.7% 
P^,  ^  per  cent  sulphuric  acid  for  s.  g.  So  =  23.05^, 

(Pj  and  P.,  are  obtained  from  tables,  such  as  Lunge  and 
Isler's  tables  of  densities  and  percentage  strength  of  mixtures 
of  sulphuric  acid  and  water.) 

Y  =:  ampere-hour  output  or  input  to  produce  s.  g.  S, 
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Then  in  the  ease  of  diseharge : 

3.6HY  =  weight  of  acid  al)sorl)e(l. 
ViSiPi/100  =  initial  weight  of  acid 
V.,S.,P.,/100  =  final  weight  of  acid 

and  ;3.B(;Y  =  ( V^SiPyiOO)  —  (V,S,P,/100)  (1) 

but  Vnii.,  =  final  Aveight  of  solution  in  grams. 

0.672Y  =  weight  of  water  formed  in  grams, 
VjSj  ::=  initial  weight  of  solution  in  grams. 

(V,SiP,/l()0  —  V,S,P,/10U)  weight  of  acid  al)sorhed  in  grams 

then 

V,S,  =  0.672Y  +  \\8i  —    (ViS,P,/100)  +  (V,S,P,/1()0) 

0.672Y  +  V,S,  (1  —  P, /]()()) 

V..S..  = (2) 

1  —  (1\,/1()()) 

Substituting  (2)  in  (1).  thus  eliminating  V^  and  simplifying 

P,-P, 

V,S, 

100 

Y  = (3) 

3.66  —  (3P,/100) 

Substituting  the  numerical  values  given  above  for  tln^  practi- 
cal case : 

(27.7  —  23.05) 
4250  X  1.2  X 


100 


3  X  23.05 

3.66 — 

100 

79.8  ampere-hours  have  been  taken  out.  For  the  same 
initial  volume  and  range  in  gravity  80  ampere-hours  were  act- 
ally  taken  out  on  test.     (See  Fig.  2.) 

From  this  calculation  it  is  apparent  that,  if  the  initial 
volume  and  specific  gravity  of  the  solution  of  a  particular 
storage  battery  cell  be  known,  the  hydrometer  for  this  par- 
ticular cell  could  be  given  a  scale  reading  directly  in  ampere- 
hours  instead  of  a  scale  reading  in  specific  gravity. 

The  foregoing  discussion  and  calculation  have  assumed 
a  constant  given  temperature.  For  the  range  used  in  storage 
battery  work,  the  specific  gravity  of  sulphuric  acid  solution 
varies  inversely  as  the  temperature  about  three  points  for 
each  ten  degrees  Fahrenheit.  That  is.  sulphuric  acid  of  S.  G. 
1.200  at  60°  F.  would  have  a  gravity  of  1.197  at  70°  F.,  or 
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1.203  at  50°  p.  Furthermore,  the  available  ampere-hour  ca- 
pacity of  a  cell  varies  markedly  with  a  change  in  temperature; 
thus  a  cell  Avorking  at  the  normal  rate  at  30°  F.  instead  of 
70°  TV-ill  have  only  lOVr  of  its  former  capacity.  Therefore,  in 
taking  account  of  hydrometer  readings,  the  temperature  al- 
ways  should  be  noted,  and,  to  secure  good  results  in  the  use 
of  the  hydrometer,  the  cell  should  be  operated  at  as  near  70' 
F.  as  possible. 


ii]S£HSB4E 


Fi(,.  -2. 

While  the  above  calculation  shows  that,  theoretically,  the 
hydrometer  should  be  an  exact  indicator  of  the  ampere-hours 
taken  out  of  or  put  into  a  storage  battery.  Lyndon  makes  the 
following  statement:  "  In  practice  the  variation  in  density 
of  electrolvte  with  ampere-hours  discharged  does  not  eontorm 
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to  the  theoretical,  unless  the  discharge  rate  is  very  low,  ami 
the  higher  the  rate  of  discharge  the  less  is  the  diminution  in 
density  for  a  given  output."  Further  on.  referring  to  the  same 
subject,  he  states:  "  These  experiments  show  conclusively  that 
the  theoretical  laws  do  not  hold  except  at  discharge  rates  so 
low  as  to  be  impracticable."  AVith  the  last  statement  the 
writer  cannot  agree,  for,  as  further  shown  by  Lyndon,  this 
variation  between  the  theoretical  and  actual  amount  of  change 


Fig. 


in  density  is  dependent  primarily  npon  the  dilTusiou  of  the 
electrolyte.  This  diffusion  varies  with  the  particular  type  and 
design  of  plates ;  a  Plante  plate,  with  a  large  surface  and  thin 
layers  of  active  material  accessible  to  the  electrolyte,  pro- 
vides better  diffusion  than  a  thick  plate  of  dense  pasted  ma- 
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terial.  Furthermore,  the  concentration  changes  of  the  acid 
within  the  pores  of  the  former  plate  will  be  less  than  in  the 
latter,  and  the  variation  of  capacity  with  different  rates,  ac- 
cordingly, Avill  be  less.  That  the  actual  variation  of  capacity 
or  ampere-hour  output  with  change  in  specific  gravity  of  the 
solution  conforms  sufficifMitlv  eloselv  with  the  theoretical  vari- 


FiG.  4. 

ation  to  make  the  hydrometer  a  very  satisfactory  means  of 
determining  the  condition  of  the  battery  through  continuous 
and  intermittent  periods  of  output  and  input  at  various  rates, 
is  shown,  for  at  least  some  types  of  cells,  by  the  curves,  Fig. 
2,  Fig.  3,  and  Fig.  5. 
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To  obtain  the,se  curves  a  number  of  cells  of  a  commercial 
Plante  type  (Fig.  6)  were  tested  at  a  constant  t:^mperature 
of  70°  F.  at  various  rates  of  charge  and  discharge,  while  the 
change  in  specific  gravity  was  measured  every  few  minutes 
by  an  accurate  hj'drometer.  The  separators  used  consisted  of 
sheets  of  wood  veneer,  1/16  of  an  inch  thick,  held  against  the 
negative  plates  by  means  of  wood  ribs.  The  cells  used  were 
of  80  ampere-hour  rated  capacity  at  the  8-hour  or  normal  rate. 
Also  a  number  of  cells  from  40  to  560  ampere-hours  capacity 
were  tested,  and  all  conformed  very  closely  to  the  80  ampere- 
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Fig.  5. 
hour  cells,  though  only  the  results  obtained  from  the  80  am- 
pere-hour cells  are  shown  in  the  curves.  The  rates  of  test 
varied  from  27 7r  to  1600',/J  of  the  rated  8-hour  rate,  or  from 
0.0021  of  an  ampere  to  0.124S  of  an  ampere  per  square  inch 
of  grid  surface,  or  from  0.011  of  an  ampere  to  0.67  of  an 
ampere  pei-  square  inch  of  the  total  vertical  sections  of  the 
(electrolyte  Ix'twcen  the  plates,  in  the  plane  of  the  platens.  The 
grid   surface   is   5V:}   times   the   total  projected   positive    pbite 

surface. 

Fig.  2  shows  the  variation  in  speeific  gravity,  with  output, 
at  various  rates  of  discharge.  It  also  shows  the  perecntage 
decrease  in  volume. 
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Fig  3  shows  the  variation  of  spec-ifie  gravity  for  the  100% 
(8-hour)  rate  of  charge  after  the  discharge  recorded  in  Fig  2 
At  the  400%.  800%.  and  ]600%  rates  of  discharge,  the  specific 
gravity  continued  to  drop  from  2  to  21/1.  points  after  tlie  dis- 
charge was  stopped  in  the  half  hour  intervening  l)efor.'  the  cells 
were  recharged. 

Fig.  4  shows  the  voltage  variation  for  the  ahove  tests.  As 
the  absci.ssae  in  Figs.  2.  3.  and  4  are  ampere-hours,  the  time  of 
discharge  may  be  obtained  by  dividing  by  the  rate,  taking  10 
amperes  as  normal  100%. 

Fig.  5  shows  the  variation  of  amount  of  sulphuric  acid  ab- 
sorbed with  rate  of  discharge. 

These  tests  Avere  conducted  under  approximately  commer- 
cial conditions,  for  no  eflfort  was  made  to  secure  especially 
close  readings  other  than  those  that  could  be  secured  by  the 
ordinary  storage  battery  attendant.  Furthermore.  Avhile  a 
maximum  variation  of  149?  from  the  theoretical  value  is  shown 
in  Fig.  5.  in  the  commercial  working  of  cells  this  amount  of 
variation  Avould  not  impair  tlu^  use  of  the  hydrometer  to  deter- 
mine the  state  of  charge  or  discharge;  that  is.  whether  the 
battery  is  fully  charged,  %  discharged,  or  half  charged,  etc. 

In  some  classes  of  installations,  such  as  isolated  lighting 
plants  or  railway  interlocking  plants,  the  battery  is  dis- 
charged intermittently  at  moderate  rates,  and  continuously  at 
very  low  rates,  the  discharge  sometimes  extending  for  days  and 
even  weeks  between  charges.  "With  the  volume  of  acid  usual- 
ly available,  the  voltage  remains  very  nearly  constant  until 
near  the  end  of  discharge  and  then  falls  rapidly,  so  that  when 
the  work  is  intermittent,  and  the  average  rate  of  discharge  is 
low,  a  greater  amount  of  lead  sulphate  may  be  produced  than 
that  formed  by  the  eight  hour  normal  rate  for  the  normal  time. 
Of  this  greater  anumnt  of  sulphate  the  voltage  gives  no  indica- 
tion, although  such  a  condition  of  over-distcharge  should  be 
known  and  remedied,  as  it  is  very  injurious  to  the  liattery. 

The  effect  of  over-discharge  on  the  positive  plates  of  Plante 
cells  is  that  the  reserve  lead  supporting  the  active  material 
(lead  peroxide)  of  the  plates  is  subject  to  attack,  and  there- 
fore during  the  next  charge  an  increased  quantity  of  active 
material  is  formed,  with  a  coiisequent  reduction  in  the  amount 
of  available  lead.  If  this  continues,  the  active  portions  of  the 
positive  plate  will  be  entirely  converted  into  active  material, 
and  the  plate  will  disintegrate  long  before  it  would  have,  if 
only  a  .small  amount  of  sulphate  had  been  formed  during  each 
discharge.  In  pasted  types  of  positive  plates,  over-discharge  pro- 
duces large  ma,sses  of  isolated  sulphate  that  are  not  accessible 
to  the  current,  and.  as  lead  sulphate  occupies  approximately 
1.8  times  the  volume  that   the  equivalent  peroxide  does,  the 
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grids  of  over-discharged  plates  oecasionalh^  crack.  Over-sul- 
phation  of  negative  plates  tends  to  cut  down  the  efficiency, 
especially  in  the  case  of  pasted  types,  since  masses  of  sulphate 
poorly  accessible  to  the  charging  current  are  apt  to  be  formed. 
To  reduce  this  isolated  sulphate  prolonged  charging  is  required 
That  this  sulphation  is  indicated  by  the  hydrometer  aiul 
is  not  shown  by  the  voltmeter  may  be  proved  by  the  following 
results.     A  cell,  after  licing  discluvrged  at  the  rate  (vf  27%  of 


Fig.  (■>.     80  Amp.   ii  k.  Ckll. 


hydrometeb. 
Fig.  7. 


the  normal  for  38  hours,  showed  a  voltage  of  1.88  at  the  end 
of  discharge,  while  the  ampere-hour  output  was  102.6.  The 
initial  specific  gravity  of  the  solution  was  1.200  and  the  final 
1.155  (both  at  70°  F.)  showing  the  change  in  specific  gravity 
to  be  0.045  for  102.G  ampere-hours.  Referring  back  to  Fig.  2, 
the  final  specific  gravity  was  1.164  after  a  cell  had  been  dis- 
charged at  the  normal  rate  for  the  normal  time  with  80  ampere- 
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hours  output.  As  the  initial  speeifie  gravitj^  in  this  case  was 
also  1.200,  the  change  in  gravity  was  0.0:^6  for  80  ampere-Iu)urs 
output.  Comparing  0.045  and  0.086  we  have  45/36  or  1.25  as 
much  sulphuric  acid  absorl)ed  during  the  102.6  ampere-hours 
output  as  in  the  normal  discharge.  Theoretically  102.6x8.66 
gr.  or  375.5  gr.  of  sulphuric  acid  would  be  absorbed  during 
the  larger  output,  and  80x3.66  gr.  or  292.8  gr.  during  the 
normal  discharge:  and,  comparing,  we  have  375.5/292.8  or  1.28 
as  much  acid  abosrbed  during  the  102.6  ampere-hours  output 
as  in  the  80  ampere-hours  discharge.  Thus  the  sulphation 
shown  by  the  hydrometer  differs  very  little  from  the  theoreti- 
cal sulphation.  On  the  oth(n-  hand,  referring  to  Fig.  4,  the 
voltage  is  shown  at  the  end  of  a  normal  discharge  to  be  1.82 
for  an  output  of  80  ampere-hours,  and  discharging  at  ftO'/t  of 
the  normal  rate  to  be  1.90  for  an  output  of  80  ampere-hours. 
Tn  other  tests  (not  shown  in  Fig.  4),  after  discharging  at  279^ 
of  the  normal  rate,  the  voltage  is  1.96  for  an  output  of  80 
ampere-hours,  and  is  1.88  when  102.6  ampere-hours  have  been 
obtained.  In  the  first  three  cases,  for  the  same  output  (80 
ampere-hours),  different  voltages  are  shown;  while,  in  the  last 
case,  the  voltage  is  0.06  higher  for  28%  greater  output  than 
in  the  first  case.  Therefore,  under  the  conditions  of  low  or 
intermittent  discharge  the  voltmeter  is  useless  in  determining 
when  the  discharge  should  be  stopped  to  prevent  over-sulpha- 
tion,  and  the  hydrometer  is  the  instrument  which  should  be 
depended  upon. 

Neither  can  the  voltmeter  alone  be  used  to  correctly  de- 
termine the  end  of  charge,  for,  by  referring  to  Figs.  3  and  4.  it 
will  be  noted  that  the  voltage  at  the  end  of  charge  is  not  the 
same  in  any  two  cases.  In  a  badly  sulphated  cell  the  voltage 
might  rise  to  a  maximum  and  stationary  value  without  the 
completion  of  the  lead  sulphate  reduction.  The  hydr(uneter 
alone  will  show  this  condition. 

Even  on  open  circuit,  sulphation  of  the  active  material 
is  caused  by  local  action  due  to  impurities.  This  condition 
will  ])e  recognized  at  once  by  the  low  specific  gravity  when 
hydrometer  readings  are  taken,  although  the  open  circuit  volt- 
age is  normal. 

Storage  batteries  are  often  unnecessarily  charged.  This 
prolonged  charging,  resulting  in  ebullition,  is  injurious,  l)e- 
cause  the  violent  agitation  produced  by  the  gas  bubbles  tends 
to  detach  particles  of  active  material  and  thus  to  shorten  the 
life  of  the  positive  plates.  Headings  of  the  hydrometer  will 
prevent  this,  for  they  show  when  the  specific  gravity  is  re- 
stored to  approximately  its  original  value. 
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In  operating  cells  by  the  specific  gravity  method  of  charge 
and  discharge,  it  is.  of  course,  impracticable  to  keep  track 
of  each  cell  in  the  battery :  so  for  each  set  of  cells  working  in 
series,  one  of  the  cells,  preferably  the  weakest,  should  be  se- 
lected as  a  pilot-cell.  This  pilot-cell  should  be  equipped  with 
an  automatic  cell-filler  to  automatically  replace  the  water  lost 
by  evaporation,  a  thermometer,  and  an  accurate  hydrometer. 

Fig.  7  shows  a  suitable  hydrometer,  capable  of  l)eing  easily 
read  to  one  point  divisions  and  having  a  scale  correct  at  70° 
F.  It  should  be  flat  and  not  over  5/16  of  an  inch  thick,  so 
that  it  can  be  operated  between  the  plates  and  thus  be  more 
sensitive  to  the  density  changes  in  the  vicinity  of  the  plates 
than  it  would  be  if  operated  between  the  plates  and  the  jar, 
as  is  customary.  The  pilot-cell  in  large  installations  is  pro- 
vided with  a  hydrometer  wliich  has  a  contact-making  device 
and  relays,  so  that,  when  the  gravity  reaches  a  desired  lower 
limit,  a  bell  is  rung,  and  a  red  lamp  is  lighted.  When  the 
gravity  reaches  a  desired  upper  limit,  a  bell  is  rung,  and  a 
green  lamp  is  lighted. 

Fig.  8  illustrates  a  simple  cell-filler  which  can  be  made 
from  standard  chemical  apparatus  and  applied  to  any  cell.  A 
glass  cover  M'ith  four  holes  is  provided  for  the  cell.  Through 
one  of  the  holes,  a  thermometer  supported  by  a  soft  ruliber 
bush  extends  into  the  electrolyte,  and  the  hydrometer  is  in- 
serted through  a  second  hole,  betAveen  the  battery  plates.  On 
the  glass  cover  is  placed  a  Wolf  bottle  having  one  opening 
near  the  bottom  and  two  on  top.  The  lowest  opening  is  con- 
nected to  a  tube  with  a  stop-cock,  which  extends  through  the 
third  hole  in  the  glass  cover  almost  to  the  bottom  of  the  bat- 
tery plates.  From  one  of  the  upper  openings,  an  air-tube  with 
a  bulb  passes  through  the  fourth  hole  of  the  cover  and  term- 
inates below  the  level  of  the  electrolyte,  at  a  distance  of  al)out 
one  per  cent  of  the  depth  of  the  electrolyte  when  the  cell  is 
fully  charged.  Under  the  end  of  this  tube  and  resting  on  the 
top  of  the  plates,  is  a  watch-glass  to  prevent  gas  from  rising 
into  the  water  bottle.  With  the  stop-cock  shut  off,  the  bottle 
is  filled  nearly  full  with  water;  the  stopper  is  then  put  in  and 
the  stop-cock  opened.  Water  flows  from  the  bottle  into  the 
cell  until  the  level  rises  so  as  to  shut  off  the  air-tube.  If  the 
level,  due  to  evaporation,  drops  below  the  air-tube,  air  passes 
into  the  bottle  and  water  flows  into  the  cell  until  the  level  is 
restored.  Theoretically,  the  level  should  not  be  kept  constant, 
for  it  has  lieen  shown  that  the  volume  of  the  electrolyte  de- 
creases about  1%^  for  a  normal  complete  discharge  in  the 
particular  cells  that  have  been  subjected  to  test  in  the  fore- 
going discussion.  The  cell-filler,  therefore,  will  keep  the  level 
constant    onlv    between    certain    limits    deprndent    upon    the 
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change  in  charge  and  discharge  volume.  That  this  variation 
does  not  make  enough  difference  to  commercially  affect  the 
rcsnlt  is  shown  in  Figs.  2,  3  and  5. 

To  operate  a  battery  by  means  of  a  pilot-cell,  it  is  primar- 
ily necessary  that  the  range  in  specific  gravity  for  the  particu- 
lar type  of  cell,  with  a  given  initial  volume  of  electrolyte  for  a 
complete  discharge  at  the  normal  (8-hour)  rate,  should  be  ob- 
tanied  from  the  manufacturers  or  bv  test. 


Fig.    8.     Automatic    Pilot    Cell    Filler. 

Secondly,  specific  gravity  and  temperature  readings  from 
the  pilot-cell  should  be  systematically  taken  and  recorded. 

Furthermore,  the  operation  by  pilot-cell  presupposes  that 
all  the  other  cells  of  the  series  are  in  the  same  condition  as  the 
pilot-cell.     In  order  to  maintain  this  condition,  it  is  necessary 
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to  give  a  careful  overcharge  at  regular  periods,  once  a  week, 
once  in  two  weeks,  or  at  least  once  a  month,  according  to  the 
kind  of  service  or  type  of  battery.  But,  as  before  stated,  the 
battery  should  not  be  needlessly  overcharged.  The  overcharge 
should  be  given  at  the  normal  rate,  which  should  l)e  cut  down 
to  50%  toward  the  end,  and  should  be  contiiuied  for  two  hours 
after  the  gravity  and  voltage  cease  to  rise.  Before  starting  the 
overcharge,  the  level  of  the  electrolyte  should  be  adjusted  to 
the  standard  height  l)y  the  addition  of  distilled  water.    At  the 


Fig.  ]0.     Gekkrator  and  External  Loads  With  Regulating  Battery. 

end  of  the  charge,  voltage  readings  should  be  taken  on  all  cells 
with  the  current  flowing,  and  then,  after  a  period  on  open  cir- 
cuit, the  specific  gravity  of  the  electrolyte  should  be  measured 
and  compared  with  the  results  obtained  on  preceding  over- 
charges. Any  variation  in  gravity  over  three  or  four  points 
should  be  investigated,  j^articularly  if  the  gravity  be  low.  If 
no  solution  has  been  spilled,  this  low  gravity  is  probably  due 
to  either  short  circuits  or  local  action  caused  by  impurities. 
During  overcharge  the  voltmeter  is  a  valuable  adjunct  in  de- 
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terminiug  short  cii'ciiits,  for.  in  a  cell,  a  voltage  markedly 
lower  than  that  of  adjacent  cells  indicates  something  wrong. 
In  the  case  of  isolated  lighting  or  railway  interlocking 
plants,  when  the  gravity  has  dropped  %  to  V^  the  normai 
range,  the  cells  should  be  recharged  to  the  gassing  point,  then 
discharged  the  same  nnndjer  of  points  drop  from  the  pre- 
ceding charge  value  as  on  the  first  discharge,  then  again  re- 
charged to  the  gassing  point  and  so  on  until  the  gravity 
reaches,  on  discharge,  the  minimum  normal  value.  An  over- 
charge should  then  be  given.  For  example,  if  the  normal 
range  of  specific  gravity  is  from  1.200  to  1.164,  or  36  points, 
and  a  15  point  variation  will  do  the  work,  it  is  far  better  to 
discharge  15  points,  recharge  until  the  cell  begins  to  gas,  and  so 
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on  until  the  final  gravity  reaches  1.164,  and  finally  to  give  the 
cell  an  overcharge,  than  to  give  a  series  of  discharges  until 
thegravity  reaches  1.164  and  one  complete  recharge.  It  is  im- 
practical to  always  give  the  overcharge  when  the  minimum 
gravity  is  reached,  so  that  an  overcharge  should  be  given 
periodically,  depending  upon  the  particular  conditions  under 
which  the  battery  is  operated. 

In  automatic  regulating  batteries,  such  as  Fig.  9,  where  a 
booster  and  regulator  are  used  to  maintain  constant  load 
upon  the  generating  system,  and  where  the  battery  takes 
the  fluctuating  load,  the  change  in  generator  load  is  determined 
by  the  change  in  specific  gravity  of  the  pilot-cell.     Eeferring 
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to  Fig.  9,  the  signaling  hydrometer  and  automatic  cell-filler 
are  shown  on  top  of  one  of  the  cells.  Fig.  10  shows  the  typical 
generator  and  external  load.  The  battery  in  this  plant  is 
worked  partly  discharged,  in  order  to  prevent  gassing  at  high 
rates  and  consequent  depreciation  and  low  effeciency.  because 
of  the  high  charge  rates  when  the  load  is  light.  The  daily 
pilot-cell  record  (Fig.  11)  with  the  load  curves  (Fig.  10)  ad- 
mirably show  the  advantage  of  operating  by  means  of  the 
hydrometer.     Hourly  readings  of  the  specific  gravity  of  the 
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pilot-cell  are  plotted  on  this  record.  It  is  the  aim  to  so  adjust 
the  average  generator  load  that  the  gravity  will  not  normally 
vary  more  than  from  1.190  to  1.180,  or  10  points,  the  normal 
range  being  -45  points.  Fig.  10  shows  that  at  7  :00  a.  m.  the 
gravity  had  reached  1.182.  at  2:00  p.  m.  1.193.  At  7:00  a.  m. 
the  bell  and  light  notified  the  attendant  that  the  gravity  was 
the  desired  minimum  value,  so  that  the  load  was  raised  from 
300  to  400  amperes  (Fig.  10)  in  order  that  the  battery  might 
receive  a  net  charge.  By  referring  to  Fig.  13,  the  record  of 
the  battery  voltage,  the  voltage  is  seen  to  be  at  a  maximum 
between  1:00  p.  m.  and  2:00  p.  m.  and  indicates  useless  gassing, 
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which  i.s  corrohoratecl  by  the  liigh  gravity  shown  at  2:00  p.  m. 
oil  the  i)il()t-c'ell  record.  The  operator's  attention  was  called  to 
this  by  the  bell  and  green  light,  and  the  load  was  accordingly 
reduced  to  845  amperes.  By  this  method  the  battery  is  oper- 
ated through  a  small  range  in  gravity,  which  prevents  abnor- 
mal sulphation,  gives  a  maximum  efficiency,  and  will  result  in 
long  life. 

To  illustrate  the  advantage  over  the  voltage  method  gained 
from  operation  l)y  the  si)ecific  gravity  method  of  charge  and 
discharge,  a  certain  railway  interlocking  ])lant  increased  the 
efficiency  approximately  18  per  cent.  l»y  changing  to  the  latter 
method,  besides  entirely  doing  away  with  trouble  from  sulpha- 

tinii. 


Fui.   1."..     \'()LTAGE  Chart. 


Practically  as  well  as  theoretically  the  hydrometer  is  the 
only  reliable  means  for  determiiig  the  state  of  charge  or  dis- 
charge of  a  storage  battery :  its  use  prevents  over-sulphation 
and  needless  charge;  and  it  is  of  great  assistance  in  detecting 
the  presence  of  impurities.  Therefore,  the  use  of  the  hydrom- 
etter  insures  a  longer  life  and  greater  efficiency  than  can  be  ob- 
tained by  relying  alone  upon  the  voltmeter. 


CRUSHING  PLANTS. 
BY   ELLIS   SOPER.* 

From  primitive  man,  who.  in  order  to  secure  material 
from  which  to  fashion  his  war  clubs,  axes,  cpremonials  and 
other  articles,  built  a  fire  against  the  rock  and  then  dashed 
water  upon  its  heated  surface,  to  the  modern  quarry  in  which 
hundreds  of  tons  of  dynamite  are  exploded  at  one  time  and 
the  rock  broken  into  pieces  often  weighing  five  tons  each  and 
loaded  by  enormous  steam  shovels  into  cars,  thence  discharged 
into  giant  crushers  Avhicli  reduce  these  five-ton  pieces  to  six- 
inch  pieces  and  smaller,  in  five  seconds,  is  an  advance  of  such 
magnitude  as  to  deserve  much  study  and  c!>nsideration. 

The  most  common  type  of  quarry  and  crushing  plant  is 
that  which  produces  crushed  rook  for  railroad  ])allast.  road 
making,  etc.,  and  consists  generally  of  small  dump  carts  drawn 
by  mules,  or  narrow  gauge  cars,  the  carts  or  cars  bring  loaded 
by  hand  and  dumped  into  a  crusher,  from  which  the  material 
is  elevated   and  discharged  into  bins  or  screened,  as  desired. 

The  general  arrangement  of  the  modern  quarrj^  and  crush- 
ing plant  operated  either  in  connection  with  a  mine,  cement 
plant,  or  independently  for  ballast,  concrete  materials,  etc., 
varies,  of  course,  with  the  local  conditions,  character  of  the 
materials  to  be  quarried  and  crushed,  and  the  uses  to  which 
the  product  is  to  be  put. 

COMPARISON  OF  ORDINARY  CRUSHING  PLANT  VS.  PLANT 
EQUIPPED    WITH    GIANT    EREAKER. 

We  have  selected  for  our  comparisons  a  crushing  plant 
of  1.000  tons  capacity  in  10  hours;  material,  ordinary  lime 
stone  of  medium  hardness.  The  prevailing  practice  is  as  fol- 
lows : 

^Material  is  (]uarried  in  the  ordinary  manner;  broken  up 
into  pieces  averaging  8-in.  to  12-in.  cubes,  loaded  l)y  hand  into 
cars,  whieli  are  hauled  ])y  mules  or  horses  to  the  foot  of  the 
incline  leading  to  the  crushing  plant.  The  car  is  hauled  from 
here  either  by  a  ''barney."  or  hoisting  engine  to  a  tipple,  which 
automatically  dumps  the  car  into  the  crusher  (Gyratory  Type) 
which  is  capable  of  receiving  a  16-in.  or  18-in.  cube  of  rock. 
From  this  crusher  the  material  is  lifted  or  discharged  into 
rotary  screens,  the  screened  portions  falling  into  bins,  and-  the 
unscreened  rock  or  "tailings"  l)cing  either  returned  to  the 
first  crusher  or  discharged  into  a  smaller  crusher,  from  which 
the  material  is  elevated  back  into  the  bins.  Such  an  arrange- 
ment is  shown  in  Fig.  1.  In  this  sketch,  a  power  plant  is 
shown  together  with  a  line  shaft  for  driving  crushers,  screens 
and  elevators. 

♦Class  1903.     President   The   Soper   Company,   Detroit.   Michigan. 
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A  steam-actuated  air  compressor  is  shown  in  the  eu^niib 
room,  it  heiug  assumed  that  air  will  l)e  used  for  drilling  i)ur- 
poses.  AVhile  it  is  commonl.v  assumed  that  air  is  uuieh 
cheaper  than  steam  for  drilling  purposes,  such  is  not  the 
case.  Disregarding-  the  loss  of  heat  energy  by  radiation 
from  the  steam  line,  it  requires  approximately  25  per  cent 
more  fuel  to  operate  drills  than  when  steam  is  used.  If  the 
steam  pipes  were  covered,  a  much  greater  saving  would  be 
effected  by  the  use  of  steam.  However,  in  ordinary  practice 
the  cost  of  operation  is  about  the  same,  and  the  use  of  air  is 
advised  if  the  fuel  costs  are  not  prohibitive. 
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Crushers  and  sizes  oe  rock. 

Within  the  last  few  years  the  more  progressive  crushing 
plants  have  installed  steam  shovels  for  loading  the  rock  into 
cars,  having  bem  forced  to  do  this  in  many  instances  because 
of  the  unreliability  of  the  quarry  labor.  The  result  has  been 
a  decided  decrease  in  the  cost  per  ton  of  loading,  but  the 
rock  must  be  broken  into  small  pieces  as  when  loaded  by  hand 
in  order  that  the  crusher  will  not  become  "clogged." 

The  manufacturers,  realizing  that  the  so-called  "No.  8" 
crusher  Avould  not  admit  a  rock  over  an  18-in.  cube,  designed 
and  put  upon  the  market  a  "No.  9"  wiiich  would  take  a  21-in. 
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cube,  and  later  a  "No.  10"  was  brought  forth  whir-h  wouhl 
admit  a  24-in.  cube.  These  were  decided  strides  toward  re- 
ducing the  cost  per  ton ;  the  saving  not  ah>ne  being  confined 
to  the  decrease  in  labor  of  breaking  the  rock  to  the  2-l:-in.  size. 
but  less  explosives  per  ton  was  reciuired  than  fonnerly.  as 
it  was  not  necessary  to  "shatter"  the  rock  into  sncli  small 
pieces  when  lilasting.  It  was  also  discovered  that  the  larger 
crusher  produced  more  tons  per  H.  P.  hour  than  the  smaller 
size. 


Fig 


No.    18    Breaker.     SiXfii^E    Dis(  iiaR(;e    Type. 


The  H.  P.  curve  of  the  different  size  crushers  is  shown 
in  Fig.  No.  2,  based  upon  maximum  culies  of  rock  they  will 
receive. 

These  decided  savings  resulted  in  the  building  and  in- 
stalling of  a  giant  or  mammoth  crusher  (Number  18)  more  than 
double  the  weight  of  the  largest  crusher  built  at  that  time. 
These  crushers  were  put  into  operation  within  the  last  year, 
and  the  results  obtained  have  been  more  than  satisfactory. 

Fig.  3  shows  an  ideal  lay-out  for  a  1,000-ton  capacity 
plant  and  along  the  same  lines  as  that  shown  in  Fig.  1,  but 
utilizing  a  No.  18  breaker  and  steam  shovel  for  loading  the 
rock  in  place  of  the  No.  8  crusher  and  hand  loading  as  shown 
in  Fig.  1. 


PLAN  (Bins  omitted) 

Crushing  Plant  Equipped  with  one  No.  i8,  two  No.  8  and  two  No.  5  Gates  Gyratory  Breakers. 

Fig.  4. 


End  Elevation  of  Crushing  Plant  Equipped  with  one  No.  18,  two  No.  8  and  two  No.  5  Gates  Gyratorv  Breakers. 

Fig.  4.    (Continued.) 
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In  comparing  the  installation  costs  of  the  arrangements 
as  shown  in  Figures  1  and  3,  it  must  be  borne  in  mind  that 
there  is  a  limit  to  the  capacity  of  the  first  plant;  that  is,  a  No. 
8  crusher  is  easily  capable  of  producing  from  1,000  to  1,800 
tons  in  ten  hours,  depending,  of  course,  upon  the  fineness  to 
which  the  rock  is  crushed,  hardness,  stratification,  and  size  of 
rock  delivered  to  it.  However,  it  is  assumed  that  the  two 
plants  are  operating  under  exactl}^  the  same  conditions  and 
upon  the  same  material.  Due  to  the  big  difference  in  the  cost 
of  the  large  crusher,  it  is  not  advisable  to  install  such  a  ma- 
chine in  plants  of  less  than  l.OOO  tons  capacity  per  day.  But 
in  the  case  of  the  No.  18  installation,  the  capacity  of  1,000 
tons  can  be  increased  eight  times  if  desired  with  the  addition 
of  a  relatively  small  percentage  of  power  and  small  crushers 
as  compared  with  the  No.  8  installation.  Increased  storage 
being  the  same  in  both  instances. 

The  following  is  the  approximate  cost  of  the  installation 
shown  in  Fig.  1  : 

Quarry  Equipment. 

W  8-Ton  Steel   Tars    (86-in.  Gauge) $  :}.()()().()0 

14(»  Tons  40-11).  Rail  Avith  spurs,  splices,  etc..  in 

place.      (Trestle    included.) 4.0(10.00 

8  Large  Drills  with  rub])er  hose  attaciimcnts,  etc 

2  Air   Hammers    8.',0.0() 

1   Steam  Driven  Air  Compressor,   installed  com- 
plete Avith  receiver,  capacity  300  cu.  ft.,  free 

air  per  min 1 .3.10.00 

1   Friction  Hoist  with   2.000  ft.  %-'m.   cable   in- 
stalled with  sheavi^s.  idlers,  etc..  complete.  .         GoO.OO 
Crushing  Plant. 
Building's — 

(Wood-sides  and   roof  covered  with  corrugated 

iron.)     Including  storage  tanks,  etc 13,500.00 

Machinery — 

1  No.  8  Crusher   installed    5,200.00 

2  No.  5  Crushers    installed    3.900.00 

]   48-in.xl2-ft.  Screen    installed    900.00 

1  18-in.xl3-in.  Contiinious  Bucket    Elevator    78- 

ft.   centers     1,300.00 

1  48-inxl8-ft.  Screen    1,075.00 

Power  Plant. 
1  250-H.  P.  Simple   Corliss  Engine   in.stalled.  .  .      2,500.00 

3  100-H.  P.  Water  Tube  Boilers  complete  with 

heater,  pumps,  etc.,  in  place H. 300. 00 

Lineshafting,   Rope,  Drives.   Belting,   etc.,   com- 
plete      2,600.00 


No.  i8  Gates  Rock  and  Ore  Breaker, 

Fig.  6. 
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^racliiiicry  mid  Blaeksmitli  Sliop  P^ciiiipniciit  (in- 
cluding' tool  room  containing  sledges,  ham- 
mers, wrenches,  etc.) 2,500.00 


Total   Cost    $-t9,625.00 

It  is  assumed  that  a  face  of  not  less  than  20  to  25  feet 
can  be  secured  for  the  steam  shovel.  Of  course,  the  higher 
the  face  the  less  the  shovel  will  have  to  move,  and  an  appre- 
cia])]e  reduction  in  the  cost  per  ton  is  realized. 


Fig.    7.     Conckete   Foundation  Fig.    S.     Concrete    Founoation 

WITH  Fokms  Still  in  Place.  "Sthippek." 

The   following   is   the    cost   of   the   installation    shown    in 
Fig.  3 : 

Quarry  Equipment. 

15  10-Ton  Side  Dump  Cars  (Std.  Gauge) $  2,200.00 

1   95-Ton  Steam  Shovel   13,000.00 

130    Tons    (iO-lb.    Rail    in    place    complete    witii 

splices,   frogs,   ties,   etc 5,600.00 

3  Large  Drills  with  rubber  hose  attachments,  etc. 

2  Air  Hammers   850.00 

1  Dinky  Locomotive  for  luuding  cars 2,600.00 
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Crushing  Plant. 

(Wood-sides  and  roof  covered  with  corrugated 

iron),  including  storage  tanks,  etc 15,000.00 

1  No.  18  Crusher   installed    24,000.00 

2  No.  6  Crushers   installed    5.200.00 

1  48-inxl2-ft.  Screen  installed    900.00 

1  18-inxl3-in.   Continuous  Bucket   Elevator    78- 

ft.   Centers    1.800.00 

1  48-inxl8-ft.  Screen    1.075.00 

Power  Plant. 

]   400-H.  P.  Compound    Engine    H.000.00 

8  150-H.  P.  Water  Tube  Boilers,  complete  with 

heater,  pumps,   etc 1). 450. 00 

Lineshafting,  Eope.  Drivers,  Belting,   etc 8.2(»().00 


Fio.  9.     View  showixg  bottom   shell  ix  positiox.  Weight  T.">.4To  liss. 

Machine  and  Blacksmith  Shop  Eciuipment,  in- 
cluding tools,  sledges,  hammers,  wrenches, 
etc 1,350.00 


Total   Cost    .$92,975.00 

The  following  is  the  actual  cost  of  operating  a  quarry  and 
a  crushing  plant  similar  to  the  one  shown  in  Fig.  1,  common 
labor  being  $1.50  per  day.  pnvder  $.115  per  pound,  power 
$0,004  per  H.  P.  hour.  The  breaking  and  loading  lieing  done 
by  contract,  $0.30  per  ear  or  $0,075  per  ton  • 
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Cost 

Per  Ton 

Drilling    $0.03 

Shooting 

Labor    007 

Explosives    035 

Breaking  and  Loading  ( hand )   105 

General  Expense   0165 


Total  for  Quarrying 


$0.1935 


Fig.  ](».     View  of  onk-h.\lf  cf  ri'PFij  f-rr tk  x  ];fixg  put  in  place. 

Crushing    033 

Transportation    043 

Power  (250  II.  P.  at  $0,004  ptM-  II.  P.  hr.) 001 

Total  Cost  delivered  to  bins $0.2705 

Interest  on  Investment  ($50.00().0()  at  (i'^  ) 001 

Depreciation,  Renewals  at  12' ;     002 

Grand  Total  Cost  delivered  to  bins $0.2735 

The   following:   is   the   cost    »it'   operating   plant   sliown    in 

Fig.  3  : 

Drilling    $0.0275 

Shooting 

Labor    ()()() 

Explosives    03 
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Loading'  (Stcaiii  Shovel)    ^^5 

General  Expense    <'<>- 


Total  for  Quarrying   ^0.1155 

Crushing    "25 

Transportation    02 

Power  (4(!0  II.  P.  at  $0,004  per  IT.  P.  lir. ) OOKi 


Total  Cost  delivered  to  bins  $0.1  (J21 


FiG.      n.         Sl  AFFOIJJlX(;      lOU      Kl!E(  TIO.N 
OF    BALANCE    OF     L515FAKEU. 


Interest  at  (i'/<    <>ii  $!):i000.00 0018 

Depreciation,  Renewals,  etc 0036. 

Grand  Total  Cost  delivered  to  bins $0.1  ()75 
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Fig.  4  shows  Plan  and  l^U'vations  of  one  of  the  many  ar- 
rangements possible  Avitli  a  "JJoiihle-Discharge"  No.  18 
I>reaker. 

In  the  above  costs,  repairs.  supi)lies,  etc.,  are  all  figured 
in.  but  do  not  include  eost  of  stripping,  as  this  varies  consider- 
ably in  different  propositions.  For  an  overburden  from  three 
to  five  feet  deep,  the  cost  of  stripping  per  ton  of  rock  pro- 
duced is  approximately  .$0.03.  Comparing  the  a1)ove  costs,  it 
Avill  be  noticed  that  although  the  plant  with  the  mammoth 
crusher  and  steam  shovel   costs,   installed,   nearh-   double  the 
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smaller  plant,  still  the  interest  on  this  additional  cost  is  neg- 
ligible as  compared  with  the  saving  effected  by  the  use  of  the 
steam  shovel  and  the  labor  saved  in  breaking  up  the  rock  tp 
"one"  and  "two-man"  size  for  the  smaller  crusher.  In  blast- 
ing, it  is  simply  necessary  in  the  case  of  the  steam  shovel  to 
move  it  backward  on  its  own  track,  "shoot  off"  the  blast  and 
the  shovel  is  ready  for  Avork  immediately.  Whenever  pieces 
of  rock  are  too  large  for  the  "dipper,"  these  are  pushed  aside 
and  drilled  with  a  small  air  hammer  and  broken  up  at  noon 
or  night  as  the  case  nmy  be.  it  not  being  necessary  on  account 
of  these  small  blasts  to  move  the  shovel.  There  are  no  "over- 
In^ad"  charges  in  the  above  costs,  as  these  are  too  uncertain 
to  attempt  to  estimate,  but  should  not  exceed,  under  ordinary 
conditions,  over  $0.03  to  $0.08  per  ton. 
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Fig.  5  is  a  general  view  of  a  No.  18  Breaker,  ''single-dis- 
charge" t.ype  with  hopper.  The  main  shaft  with  Breaking 
head  is  shown  suspended  to  the  left. 

Fig.  6  is  a  general  view  of  a  No.  IS  Breaker,  "double- 
discharge"  type  without  hopper. 

The  one  shown  in  Fig.  6  has  never  been  operated  to  ca- 
pacity, and  it  is  claimed  by  the  manufacturers  of  the  ''double- 
discharge"  type  that  the  two  discharges  are  necessary  when 
producing  over  3,000  tons  per  day  of  10  hours. 


Fig.  13.     Crusher  Erected. 


The  accompanying  engravings.  Figs.  7  to  16.  are  views 
showing  the  installation  and  erection  of  one  of  the  No.  18 
breakers.  This  breaker  weighs  426,000  pounds.  The  main 
shaft  with  breaking  head  weighs  65,000  pounds.  It  is  operated 
by  a  300-H.  P.  motor,  which  also  drives  the  screen  5  ft.x25  ft. 
for  this  crusher. 

Fig.  17  shows  a  Power  Curve  for  this  crusher,  the  power 
necessary  to  crush  each  carload  of  rock  is  shown.  The  read- 
ings were  taken  from  an  ammeter  located  on  the  switchboard. 

It  will  be  noticed  that  the  maximum  power  required  or 
"peak  load"  occurs  at  the  instant  the  load  is  discharged  into 
the  crusher,  the  power  decreasing  each  revolution  of  the 
crusher  shaft,   'in  this  particular  installation,  the  crusher  was 


Fig.    14.     t<U)T    ix    quarky — showi.nc;    "uippkr"    of    shovel    axd    rock 

DIRECT    I'ROM    BLAST    READY   FOR   LOADlNCi. 


Fig.  15.      Train  i-oad  of  rock  for  Crusiifr.      (These  cars  were  later 
replaced    by    (!    yd.    cars.) 


i^it.1.9  LV  Vi^^«i%   vaw^nMO 
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installed  to  admit  of  the  use  of  a  large  steam  shovel  for  loading 
and  handling  the  rock  as  it  was  not  desired  to  operate  the 
crusher  to  anywhere  near  its  capacity.  The  intervals  of  time 
when  the  crusher  was  empty,  that  is.  between  loads,  are  not 
shown  graphically.  The  actual  tune  the  crusher  was  loaded 
has  been  computed  and  the  actual  capacity  of  the  crusher  per 
hour  found  to  be  approximately  800  tons.  The  load  shown 
graphically  includes  that  required  to  drive  the  screen  and  sev- 
eral small  motors  on  the  line.     Correcting  the  figures,  it  was 


Fig.   is.     CJexeral  Arrangemext   of   No.    18  Cru.sher  at  the 
Dixie  I'ortlaxd  Cement  Plant. 

found  that  it  actually  required  to  drive  the  crusher  alone  under 
maximum  peak  load  226  H.  P.  and  approximately  58  H.  P.  to 
drive  the  crusher  empty.  Speed  of  the  countershaft  was  300 
revolutions  per  minute.  Average  H.  P.  required  to  drive  the 
crusher  loaded,  screen,  etc..  not  included,  was  approximately 
103  H.  P. 
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The  figure  immediately  at  the  top  of  eaeh  division,  for  in- 
stance 75 — 100 — 45,  etc.,  represents  the  actual  number  of  sec- 
onds required  for  the  load  to  pass  through  the  crusher. 
Wherever  there  is  a  break  in  the  dow^nward  path  of  the  curve, 
a  small  carload  of  rock  was  discharged  into  the  crusher  before 
the  preceding  load  had  passed  through  crusher.  It  will  ))e 
noted  that  the  average  time  for  a  single  load  to  be  crushed  was 
90  seconds,  the  loads  averaging  from  seven  to  ten  tons  each. 
The  crusher  was  set  so  as  to  crush  to  six  inches  and  smaller. 


Fig.   10.     View  of  Edison   Giant  Rolls. 

At  the  tinu!  this  crusher  was  installed,  it  was  not  known  what 
power  would  be  necessary  to  operate  it,  and  to  be  safe  a  300 
H.  P.  was  installed,  but  a  200  or  225  H.  P.  motor  would  be 
ample. 


There  have  been  several  installations  of  Edison  Giant 
or  "inertia"  rolls,  which  is  a  novel  invention  of  Mr.  Edison  for 
crushing  rock  by  the  "inertia"  of  heavy  revolving  rolls. 
These  rolls  are  about  six  feet  in  diameter  with  five  feet  face, 
steel  chilled  plates  with  projections  for  shattering  up  the  rock. 
A  general  view  of  same  is  shown  in  Fig.  19.  These  rolls  are 
capable  of  crushing  a  five  or  six-foot  cube,  and  have  a  total 
capacity  about  equal  or  slightly  greater  than  a  No.  18  gyratory 
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breaker.  Rolls  of  this  size  require  at  peak  load  approximately 
450  H.  P.  and  about  60  PI.  P.  when  operated  empty.  The  rolls 
cost  approximately  $25,000.00  and  a  small  royalty  per  ton  of 
rock  crushed  is  also  required  by  the  patentee's. 

The  following  are  the  actual  costs  of  operating  a  No.  18 
Breaker  as  compared  with  a  Giant  Roll: 

Comparison  Operating  Costs  Per  Ton. 

Giant  No.   18 

1,200-Ton  Output                                        Edison  Gyratory 

Rolls.  Crusher. 

Fineness  crushed  to    10  in.  6  in. 

Labor    $0.0118  $0.0044 

Oil  and  Waste     0055  .0004 

Repairs,  Maintenance,  etc 0020  .0020 

Power    (250  li.  P.)     .0104  (103  II.  P.)  .0043 

.       Total $0.0297  $0.0111 

Interest  at  6%  on  Cost  of  Machines  Installed  Per  Ton. 

Edison  Rolls   $30,000.00     .005 

Crusher     24,000.00  .004 

Note: — Power  in  both  cases  above  figured  at  $0,005  per 
II.  P.  Hr. 

Royalty  on  the  Edison  Rolls  is  not  figured  in  the  costs. 

Depreciation  is  not  over  6  to  8%  and  is  assumed  to  be  the 
same  in  each  case.  There  is  a  slight  dif¥erence  in  the  total 
costs  of  machines  installed  in  favor  of  the  No.  18  Breaker. 

Referring  to  this  comparison  it  will  be  noted  that  it  re- 
quires considerably  more  labor  and  power  to  operate  the  Rolls 
than  the  "Giant"  Breaker. 


UNDERGROUND  CONDUIT  FOR  THE  DISTRIBUTION  OF 
ELECTRICAL  ENERGY. 

BY    W.    F.    SIMS.* 

Corporations  operating  utilities  which  involve  the  dis- 
tribution of  electrical  energy,  have  found  it  necessary  in  most 
cities  to  install  a  large  number  of  their  lines  underground, 
either  by  reason  of  municipal  requirements,  or  to  secure  great- 
er safety  of  lines  and  reliability  of  service  than  can  be  obtained 
with  overhead  construction.  The  proper  design  and  construc- 
tion of  a  system  of  underground  conduit  for  these  lines  is  one 
of  the  problems  which  confronts  the  engineers  who  are  res- 
ponsible for  the  distribution  system. 

The  requisites  of  a  good  conduit  line  are  that  the  ducts 
shall  be  of  a  durable,  incombustible,  insulating  substance  with 
a  high  fusing  point  (thus  being  an  arc  resisting  material")  ;  that 
cables  may  be  readily  installed  or  removed:  that  the  cables 
when  once  installed  are  effectively  protected  from  mechanical 
injury;  and  that  thi  y  are  thoroughly  isolated  from  each  other. 

The  results  obtained  from  practical  experience  have  dem- 
on.strated  that  vitrified  clay  is  the  material  best  suited  for  the 
manufacture  of  the  ducts.  This  material  is  impervious  to  moist- 
ure, is  a  good  insulator,  and  having  a  high  fusing  point  is  one 
of  the  be.st  arc  resisting  materials  available.  Its  comparatively 
low  cost  and  practical  indestructibility  when  in  place  have 
brought  this  material  into  almost  universal  use.  The  other 
forms  of  duct  material  used  are  wrought  iron  pipe,  concrete 
ducts,  cement  lined  iron  pipes,  and  bitumenized  fibre  ducts. 
The  last  is  a  comparatively  recent  entry  into  the  field,  but 
gives  promise  of  very  good  results  when  properly  laid. 

Vitrified  clay  ducts  are  made  both  in  the  single  and 
multiple  forms,  as  .shown  in  Figs.  1  and  2  respectively.  ]\Iul- 
tiple  ducts  are  made  in  two.  three,  four,  and  six  duct  sections, 
the  most  common  of  which  is  the  four  duct  section  shown.  The 
square  bore  single  duct  is  better  adapted  for  use  on  light  and 
power  lines  than  is  the  multiple  form,  as  its  use  permits  the 
breaking  of  joints  between  ducts  and  furthermore  interposes 
two  tile  walls  instead  of  one  between  adjacent  rows.  Where 
multiple  duct  sections  are  used,  the  joints  rarely  close,  and  in 
consequence  openings  are  left  between  ducts  which  afford  a 
read}'  means  for  the  spread  of  trouble  between  cables  in 
adjacent  ducts.  If  the  joints  are  properly  broken  in  single 
duct  construction,  there  is  little  danger  of  trouble  spreading 
in  this  manner,  and  the  structure  is  much  stronger  than  is  the 
case  when  joints  are  not  broken. 

•Class  1897.     Field   Engineer.   Division  of   Electrical   Transmission   nmX   Distri- 
bution,  The  Board   of   Supervising  Engineers,   Chicago   Traction. 
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The  usual  specifications  for  tile  ducts  provide  that  the 
material  shall  be  of  first  quality,  thoroughly  vitrified  clay, 
covered  with  salt  glaze  and  free  from  cracks,  blisters,  splits,  or 
other  imperfections  that  would  impair  the  arc  resisting  (piali- 
ties  of  the  tile.  The  interior  of  the  ducts  should  be  smooth 
and  free  from  any  projections  liable  to  injure  the  sheath  of  the 
cables  when  being  drawn  into  place.  All  ducts  should  be 
straight  and  true,  of  the  sizes  specified,  and  all  ends  should  be 
S(iuare.  IMany  specifications  provide  for  subjecting  the  tile  to 
•an  absorption  test,  in  which  case  the  allowal)le  absorption  of 
water  is  from  two  to  three  per  Cent  of  the  original  Aveight  of 
the  duct. 


3in^/e-  Duct 


Mu/t/p/e  Duct 


Figs.   1    a.nd  2.     Dirr  I'ko.ss   Skci'ioxs. 


The  design  of  an  underground  conduit  system  depends 
largely  upon  local  conditions,  and  is  also  influenced  by  munici- 
pal regulations  covering  the  extent  of  territory  within  M'hich  it 
is  required  that  all  conductors  be  carried  underground.  The 
number  of  cables  required  by  the  service  to  be  given  having 
been  determined,  it  is  necessary  to  select  the  routes  along  which 
thev  are  to  run.  This  selection  is  governed  by  several  factors. 
the"most  important  of  which  are  the  comparative  lengths  of  the 
various  routes,  a  proper  consideration  of  the  necessity  for  sep- 
arate runs  of  cables  to  the  same  general  locality,  the  under- 
ground conditions  in  thr  available  streets,  and  other  matters 
purelv  local,  such  as  traffic,  character  of  pavement  etc  The 
number  of  ducts  in  each  run  is  governed  by  the  number  ot 
cables  to  be  carried,  coupled  with  a  suitable  allowance  tor  the 
future  growth  of  service  requirements.  The  number  ot  spare 
ducts  allowed  varies  from  ten  to  one  hundred  or  more  per  cent 
of  the  immediate  needs,  but  four  ducts  are  usually  the  mini- 
mum in  anv  one  run. 


184  THE    ARMOUR    ENGINEER  [Vol.   1.   No.   2 

In  the  design  of  a  conduit  system  care  should  be  taken  to 
avoid  large  conduit  sections  for" several  important  reasons.  The 
presence  of  many  cables  in  one  run  is  objectionable  owing  to 
the  difficulty  of  properly  caring  for  the  cables  at  the  manholes, 
the  danger  of  a  shut  down  of  a  large  part  of  the  system  in  the 
event  of  troul)le  developing  in  one  cal)le  in  a  heavy  line  and 
spreading  to  adjacent  cables,  and  also  on  account  of  the  higher 
temperature  of  the  cables  in  the  larger  groups.  In  small  groups 
the  radiation  of  heat  is  more  rapid,  owing  to  the  relatively 
larger  surface  of  the  conduit  exposed  to  the  surrounding  earth, 
and  to  the  less  number  of  intervening  ducts.  This  rise  in  tem- 
perature tends  to  increase  the  resistance  of  the  cables,  and  also 
the  danger  of  liurn  outs. 

In  order  to  afford  access  to  the  cables,  vaults  or  manholes 
must  be  provided  at  intervals  along  the  conduit.  Their  location 
is  dependant  in  a  measure  upon  the  nature  of  the  business.  If 
the  system  is  being  built  for  lighting  or  general  power  purposes 
a  manhole  should  be  built  at  each  of  the  intersecting  streets,  in 
order  that  the  systems  may  be  readily  extended  in  either  direc- 
tion along  these  streets  at  a  minimum  of  expense.  If  it  is  for 
street  railway  service  it  is  only  necessary  to  consider  the  streets 
upon  which  there  are  intersecting  car  lines.  On  such  systems 
it  is  also  necessary  to  locate  manholes  wherever  trolley  taps  are 
required.  Additional  manholes  should  be  located  at  such  inter- 
vals between  those  noted  above  that  the  weight  of  the  cable  to 
l)e  installed  will  not  be  sufficient  to  cause  injurious  strains  in 
the  lead  sheath  or  the  insulation  while  the  cable  is  being  drawn 
into  place.  The  present  practice  is  to  limit  this  interval  to 
about  four  hundred  and  fifty  to  five  hundred  feet,  although 
where  the  load  to  be  carried  is  light  and  the  cables  of  small 
diameter,  spacings  of  five  hundred  and  fifty  feet  are  sometimes 
allowed.  As  it  is  often  necessary  to  install  additional  manholes 
on  account  of  obstructions  in  the  street,  or  for  other  causes  as 
noted  above,  the  average  distance  between  manholes  on  an  en- 
tire system  is  usually  a])out  three  hundred  and  fifty  feet. 

The  general  details  of  conduit  construction  must  be  decid- 
ed in  the  field  as  the  work  progresses  owing  to  the  uncertainty 
of  the  conditions  likely  to  be  encountered.  The  most  economi- 
cal arrangement  of  ducts  is  with  a  cross  section  as  nearly 
square  as  possilile  but  the  best  practice  is  not  to  exceed  four 
ducts  in  width,  so  that  there  will  be  no  more  than  two  cables  in 
each  layer  on  each  side  of  the  manhole.  With  this  arrange- 
ment, it  is  possil)le  to  properly  rack  and  protect  the  ca- 
bles through  the  man}u)les.  and  at  the  same  time  the  radia- 
tion of  heat  is  facilitated.  The  ducts  should  be  separated  into 
two  groups  spaced  horizontally  about  six  or  eight  inches  apart 
wher^  thev  enter  the  manhole,  in   order  that  the  spread  of 
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trouble  between  cables  at  this  shall  be  rediieed  to  a  iiiiuimum. 
This  separation  is  made  by  spreading  the  duets,  starting  at  a 
point  about  six  feet  away  from  the  manhole.  The  spaee  thus 
left  between  the  groups  should  be  filled  with  concrete.  Fig.  3 
sliows  this  arrangement. 

In  locations  where  a  separation  of  duct  lines  is  desirable, 
but  where  the  expense  of  independent  runs  is  greater  than  is 
warranted  by  the  advantages  to  be  secured,  the  ducts  may  be 
laid  in  two  groups  separted  by  a  wall  of  concrete  from  three  to 
six  inches  in  thickness.     When  such  construction  is  adopted, 
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the  sei)arati()n  at  the  manholes  should  be  increased  so  that  the 
barrier  wall  may  be  built  between  the  groups,  projecting  into 
the  manhole  about  sixteen  inches.  This  arrangement  is  .shown 
in  Fig.  4. 

The  size  of  manholes  depends  largely  upon  the  number 
of  cables  to  be  carried  through  and  also  upon  the  importance 
of  the  lines.  The  following  tabulation  shows  the  sizes  in  com- 
mon use  : 


Number  of  Ducts 

4  to     6 

7  to     9 

10  to  16 

over  16 


Size  of  Manhole 

4  ft.  X  5  ft. 

5  ft.  X  6  ft. 

6  ft.  X  7  ft. 

7  ft.  X  8  ft. 
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^lanholes  should  be  of  such  shape  tliat  it  is  possible  to  in- 
stall th(i  cables  iu  a  safe  manner  witliout  the  necessity  for  sharp 
bends.  Fig.  3  shows  the  standard  design  of  mauhoies  used  Ijy 
several  large  corporations  operating  underground  lines.  The 
exact  size  and  shape  of  manholes  as  well  as  the  arrangement 
and  depth  of  the  ducts  is  influenced  by  the  number  and  pisition 
of  other  underground  structur(  s.  such  as  gas  and  water  mains, 
catch  basins,  and  other  conduit  lines,  but  the  standard  dimen- 
sions and  design  should  be  followed  as  closely  as  is  passil)le. 

Manholes  may  be  built  either  of  brick  or  of  concrete  or 
of  brick  with  a  concrete  roof.  The  concrete  manhole  is  prob- 
ably the  least  expensive  form,  but  as  it  takes  longer  to  l)uild, 
the  brick  construction  is  generally  used  except  Avhere  street 
traffic  is  light.  Where  brick  roofs  are  used,  they  are  supported 
l)y  angle  and  T  irons,  or  on  large  vaults  by  I  beams  betAveen 
which  brick  arches  are  sprung.  Access  to  manholes  is  ol)- 
tained  through  openings  in  the  roof  closed  by  a  removable 
cast  iron  cover  set  in  suitable  frames  of  the  same  material,  and 
located  over  the  center  line  of  the  ducts  in  order  to  facilitate 
the  installation  of  cables.  The  cover  and  frame  should  be  of 
such  a  design  that  they  Avill  safely  support  such  loads  as  are 
incident  to  street  traffic,  and  at  the  same  time  are  of  such 
weight  as  to  be  readily  opened  by  one  man.  The  cover  should 
be  so  made  that  it  cannot  be  jarred  open  by  passing  vehicles. 

The  cover  should  be  provided  with  holes  for  the  purpose 
of  securing  ventilation,  as  it  is  desirable  to  provide  for  the 
escape  of  such  gases  as  may  collect  in  the  manhole,  and  also 
to  assist  in  the  carrying  oflf  of  the  heat  generated  in  the  cables. 
These  holes  should  be  of  such  size  as  not  to  catch  the  caulks 
of  horses  shoes  and  should  be  slightly  larger  at  the  l)()ttom 
than  at  the  top  to  prevent  plugging  up  with  dirt.  The  ex- 
posed surface  of  the  cover  should  be  checkered  to  prevent  it 
from  wearing  smooth,  and  should  have  the  name  of  the  com- 
pany owning  the  system  in  legible  raised  letters. 

A  common  type  of  frame  is  the  rectangular  form,  nine  or 
ten  inches  high  with  a  clear  opening  about  twenty-four  l)y 
tAventj'-eight  inches.  The  cover  rests  upon  a  lip  around  the 
inside  of  the  frame,  and  is  provided  with  lugs  on  one  side 
which  hook  under  this  lip  and  tend  to  prevent  the  cover  from 
l)eing  jolted  out  of  place.  Such  frames  weigh  from  five  hun- 
dred to  six  hundred  pounds,  and  the  covers  about  two  hundred 
pounds. 

Before  beginning  the  construction  of  a  conduit  line  it  is 
necessary  to  obtain  as  much  information  as  is  possible  regard- 
ing the  number  and  location  of  pipes,  conduits,  catch  basins, 
and  sewers  already  in  place.  As  there  are  usually  no  accurate 
records  of  the  location  of  such  structures,  the  desired  informa- 
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tion  is  generally  obtained  by  excavating  test  holes  at  intervals 
along  the  line  of  the  proposed  conduit  and  noting  the  location 
of  the  obstructions  exposed.  From  the  information  thus  ob- 
tained the  most  available  location  may  be  selected  and  the 
best  arrangement  of  ducts  decided.  The  trench  should  then 
be  excavated  to  the  width  and  depth  required,  and  graded 
so  as  to  drain  to  the  manholes  wherever  possible.  The  depth 
should  be  such  that  the  top  of  the  upper  tier  of  the  ducts  is 
about  three  feet  below  the  street  surface  wherever  the  condi- 
tions permit.  The  lines  and  grade  should  be  laid  out  so  that 
the  line  is  as  straight  as  the  obstructions  in  the  street  will 
allow,  and  that  sharp  bends  and  reverse  curves  are  avoided. 


T?7(t  Armoui-  F-'rv^in^^ 

Fro.  .'">.     Method  or  Layino  Duct  to  Break  .Joints. 

A  foundation  layer  of  concrete  about  three  inches  thick 
should  be  thoroughly  tamped  in  the  liottom  of  the  trench  and 
upon  this  the  ducts  laid. 

The  ducts  should  l^e  laid  upon  wood  mandrels  about  five 
feet  long  and  about  one-quarter  of  an  inch  smaller  in  each 
dimension  than  the  interior  of  the  duct.  These  mandrels  should 
be  provided  with  leather  wasliers  at  the  rear  end  closely  fitting 
the  ducts,  and  at  the  forward  end  with  metal  edges  or  loops 
by  means  of  which  the  workmen  may  pull  them  through  as  the 
ducts  are  laid.  The  purpose  of  these  mandrels  is  to  insure 
proper  alignment  of  the  bore  of  the  al)utting  ducts,  and  to  pre- 
vent the  accumulation  of  moi'tar  and  dirt  in  the  interior.  The 
number  of  mandrels  in  use  should  be  frequently  checked  up  in 
order  that  none  may  be  left  in  the  duets. 
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The  joints  between  adjaeent  ducts  should  be  so  located  that 
in  no  case  will  the  joint  in  one  duct  be  opposite  the  joint  in 
any  adjacent  duct.  This  may  be  accomplished  by  laying  the 
horizontal  layers  witli  what  is  known  as  "half  bond",  and  the 
vertical  rows  with  "((uarter  bond",  as  shown  in  Fig.  5.  The 
longitudinal  joints  lietween  ducts  should  be  thoroughly  filled 
with  cement  mortar  so  as  to  reduce  the  danger  of  spreading  of 
trouble  between  the  cables  in  adjacent  ducts,  and  for  the  same 
reason  a  coating  of  mortar  should  be  spread  over  each  layer  of 
ducts.  This  part  of  the  Avork  is  one  that  is  usually  slighted  on 
account  of  the  supposedly  large  increase  in  cost  of  duct  laying, 
but  in  the  opinion  of  many  engineers  the  slight  increase  in  cost 
actually  entailed  is  more  than  justified  in  the  greater  protec- 
tion afforded  the  cables,  and  by  the  reduction  of  expense  due 
to  burn  outs. 

As  the  additional  cost  due  to  this  construction  designed  to 
more  effectively  protect  the  cables  is  at  the  most  not  greater 
than  one  cent  per  duct  foot,  and  usually  nuich  less  than  that 
amount,  and  as  the  value  of  the  cal)le  in  the  duct  is  from  fifty 
cents  to  a  dollar  per  foot,  and  as  a  burn  oTit  may  not  only 
damage  adjacent  cables  l)ut  may  cause  serious  damage  to  the 
sub-station  or  power  house  apparatus,  the  small  amount  sjient 
to  prevent  such  trouble  is  not  only  justified  but  should  l)e 
considered  a  necessity.  When  continuity'  of  service  is  an  im- 
portant factor,  no  reasonable  expense  in  increasing  the  safety 
of  the  cables  placed  in  the  conduit  should  be  spared. 

As  each  laj^er  of  ducts  is  laid,  the  space  between  the  ducts 
and  the  side  of  the  trench  should  be  filled  in  with  concrete. 
This  concrete  encasement  should  be  al)out  three  inches  in  thick- 
ness. Care  should  be  taken  to  keep  this  space  free  from  dirt  in 
order  that  there  may  be  a  good  bond  with  the  foundation  con- 
crete. Over  the  top  row  a  layer  of  concrete  three  or  four  inches 
thick  should  be  tamped  into  place.  This  concrete  serves  to 
protect  the  ducts  and  cables  in  them  from  injury  whenever  the 
street  is  opened  up  for  other  purposes. 

After  the  concreting  is  finished  the  trench  should  be  refilled 
and  all  surplus  earth  and  debris  removed.  The  back  filling 
should  be  done  in  layers  about  six  inches  in  thickness,  each 
layer  being  thoroughly  rammed.  As  this  w^ork  is  usualy  done 
before  the  concrete  has  set,  the  ditch  should  never  l)e  puddled, 
not  only  on  account  of  the  danger  of  washing  out  the  cement, 
but  owing  to  the  danger  of  sand  and  dirt  being  washed  into  the 
duets.  Back  filling  around  manholes  should  be  done  as  the 
walls  are  brought  up,  in  order  that  no  voids  may  be  left  behind 
which  might  be  the  cause  of  settlement  of  he  pavement. 
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Concrete  for  conduit  construction  should  l)e  composed  of 
one  part  of  Portland  cement,  three  parts  of  good  torpedo  sand 
or  clean  limestone  screenings,  and  five  parts  of  crushed  lime- 
stone or  gravel,  of  the  size  known  as  three  quarters  inch  or  less. 
Larger  sizes  should  be  avoided  on  account  of  the  small  mass  of 
concrete  used.  The  usual  specifications  for  good  concrete  ma- 
terial should  apply  to  this  work.  ^lortar  for  duct  laying  should 
be  one  part  cement  and  two  parts  sand.  Brick  for  manholes 
should  be  first  quality  hard  burned  sewer  brick. 

After  the  conduit  has  been  constructed,  and  before  the  per- 
manent paving  is  done,  each  duct  should  have  a  cleaning  man- 
drel drawn  through  it  in  order  that  it  may  be  ascertained  that 
the  ducts  are  clean  and  in  suitable  condition  for  use.  Fig.  6 
shows  a  form  of  mandrel  in  common  use.  If  the  work  is  done 
by  contract,  the  specifications  should  provide  that  the  contract- 
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or  should  draw  the  mandrel  through  the  ducts  in  the  presence 
of  a  representative  of  the  company  owning  the  line,  and  that 
the  contractor  shall  rebuild  at  his  own  expense  any  part  of  the 
line  through  which  the  mandrel  cannot  be  drawn.  After  any 
such  repairs,  the  mandrel  should  again  be  drawn  through  all 
ducts  in  the  section  reluiilt. 

The  line  for  pulling  the  mandrel,  and  later  the  pull  rope 
for  the  cable  is  drawn  into  the  duct  by  means  of  jointed  wooden 
rods  which  are  usually  in  sections  about  three  feet  in  length 
and  care  should  be  taken  in  manhole  design  to  see  that  pro- 
per room  is  j^rovided  for  handling  these  rods. 

Previous  reference  has  been  made  to  bitumenized  duct  ma- 
terial. This  is  made  in  lengths  of  about  five  feet  with  socket 
joints.  It  should  be  laid  with  a  space  of  from  one  inch  to 
an  inch  and  a  half  l)etween  the  ducts,  which  should  be  entirely 
filled  with  concrete.  Some  of  the  advantages  of  this  material 
are  ease  of  handling  on  account  of  light  weight,  presentation 
of  a  nonabrasive  surface  to  the  lead  sheath  of  the  cable  and 
the  securing  of  a  good  alignment  at  the  joints. 
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Where  it  is  necessary  to  connect  the  underground  cables 
to  overhead  lines,  the  caljle  is  carried  in  a  lateral  duct  nnming 
from  a  manhole  to  a  l)end  at  the  base  of  the  pole,  and  then  in 
a  riser  up  the  pole.  The  most  common  form  of  lateral  duct  is 
of  three  inch  wrought  iron  pipe  connected  to  a  length  of  pipe 
of  the  same  diameter  bent  into  a  ninety  degree  bend  to. a  thirty- 
six  inch  radius,  the  vertical  end  of  the  bend  being  set  .just  above 
the  ground  level  at  the  base  of  the  pole  and  connected  to  a  ver- 
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tical  standpipe  attached  to  the  pole.  In  most  cases  that  part 
of  the  pipe  and  l)end  below  the  surface  of  the  ground  are  <'n- 
cased  in  concrete.  This  type  of  lateral  is  open  to  criticism  on 
account  of  the  fact  that  the  lead  sheath  of  the  cable  is  grounded 
to  the  iron  pipe  and  is  liable  to  become  damaged  by  electroly- 
sis. 
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TABLE    II. 

Estimated  Cost  of  Brick  Manholes 

SIZE  OF  MANHOLE 

4  ft.x5  It.  5  ft.x6  ft.     6  ft.x7  ft.  7  ft.x8  ft. 

Excavation    $6.00  $     8.20  $11.50  $13.60 

Brickwork    30.00  38.80  46.40  55.00 

Concrete    2.50  3.40  4.60  6.20 

Steel    9.25  10.60  18.00  22.50 

Cover  and   Frame    14.50  14.50  14.50  14.50 

Sewer   Connection    21.00  21.00  21.00  21.00 

Repaving-    12.00  16.00  21.00  27.00 

Total $95.25        $112.50        $137.00  $159.80 

A  form  of  lateral  dtiet  has  been  proposed,  made  of  fibre 
connected  to  a  fibre  duct  l)end,  laid  in  concrete,  and  Avith  the 
vertical  standpipe  protected  by  a  wrought  iron  pipe  of  larger 
diameter.  Tf  proj)erly  installed,  this  form  of  lateral  would  in- 
sulate the  lead  sheath  as  effectively  as  in  the  case  of  the  tile 
duets,  and  would  materially  lessen  the  danger  of  trouble  in  such 
locations. 

The  cost  of  underground  conduit  construction  varies  be- 
tween rather  wide  limits,  due  largely  to  local  conditions,  and  is 
usually  much  higher  in  the  business  district  than  elsewhere. 
The  number  and  location  of  underground  structures,  the  nat- 
ure of  the  soil,  and  the  characti  r  of  the  pavement  have  a  very 
marked  effect  upon  the  cost.  Table  1  shows  estimated  costs 
based  upon  average  conditions,  and  upon  material  and  labor 
prices  in  a  large  city.  The  curves  jn  Fig.  7  are  plotted  from 
the  duct  foot  costs  and  show  the  various  items  of  the  work,  the 
largest  single  factor  on  a  section  of  less  than  fifteen  ducts  being 
the  cost  of  repaving.  The  dotted  line  shows  the  cost  of  conduit 
per  duct  foot  when  no  repaving  is  necessary.  The  cost  of  re- 
paving is  l)ased  upon  prices  prevailing  in  Chicago  at  the  pre- 
sent time  for  repairing  asphalt,  granite  block,  l)rick,  creosoted 
wood  l)lock  pavement  held  under  reserve.  If  the  pavement  is 
not  under  reserve  or  is  of  macadam,  this  cost  will  be  about  one 
half  of  the  amount  given. 

Talkie  II  gives  cost  of  ])ri('k  manholes,  and  Fig.  8  shows 
cost  per  duct  foot,  assuming  manholes  to  be  of  sizes  specifii'd 
on  i)age  186.  and  spaced  an  average  distance  apart  of  850  feet. 

Under  fair  conditions,  a  good  brick  layer  should  lay  about 
two  thousand  duct  feet  in  eight  hours,  and  two  brick  layers  with 
three  laborers  should  be  able  to  I)uild  two  manholes  five  feet 
by  six  feet  in  the  same  time. 
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One  point  to  be  constantly  kept  in  mind  in  the  construction 
of  underground  conduit  is  that  it  is  being  built  for  the  sole 
purpose  of  providing  a  place  in  which  to  install  cables,  and 
therefore  all  work  should  be  done  in  such  manner  as  to  secure 
the  safest  and  most  convenient  place  in  which  to  do  this.  The 
manholes  should  be  designed  to  provide  ample  space  for  hang- 
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ing  the  cables  in  a  neat  and  orderly  manner,  and  to  allow  them 
to  be  covered  with  such  protecting  covering  as  may  be  neces- 
sary. AVhen  it  is  necessary  to  include  gas  or  water  mains  in  a 
manhole,  additional  space  should  be  provided  in  order  that 
there  shall  be  sufficient  room  for  the  workmen  when  the  cables 
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are  jointed.  ^lanhole  covers  should  be  placed  so  as  to  facili- 
tate the  work  of  cable  installation,  and  Avhcn  the  manholes  are 
unusually  larg(%  or  are  irregular  in  shape,  more  than  one  cover 
may  be  placed  to  advantage. 

After  an  underground  system  has  been  installed,  it  should 
not  be  left  to  take  care  of  itself,  but  should  be  frequently  in- 
spected and  defects  repaired  as  soon  as  noticed.  ^lanholes 
should  have  muci  and  dirt,  which  have  dropped  through  the 
holes  in  the  cover,  removed  at  regular  intervals ;  and  at  the 
same  time  sewer  connections  and  back  water  valves  should  be 
examined.  Whenever  openings  are  being  made  in  the  streets 
upon  which  a  part  of  the  system  is  located,  an  inspector  should 
be  detailed  to  see  that  no  damage  is  done  to  the  conduit  or 
cables  by  such  operations. 

The  cost  of  an  underground  system  is  very  much  greater 
than  that  of  overhead  systems  of  the  same  capacity,  but  on 
account  of  the  lessened  dangers  of  interruption  of  service  and 
the  lower  maintenance  charges,  underground  distribution  is 
advisable  wherever  the  additional  investment  can  be  justified. 


PROPERTIES  OF  SATURATED  AND  UNSATURATED  AIR. 
BY    G.    F.    GEBHARDT.* 

Iij  dealing  with  the  theory  of  cooliug  towers,  evaporative 
surface  condensers,  and  heating  and  ventilation,  a  thorough 
knowledge  of  the  properties  of  saturated  and  unsaturated  air 
is  highly  essential.  Tables  relating  to  the  properties  of  sat- 
urated air  may  be  found  in  most  engineering  handbooks  and 
iu  many  trade  publications  and  little  difficulty  is  experienced 
in  applyiiig  them  to  existing  engineering  prol)lems.  Rut  at- 
mospheric air  is  never  dry  and  is  seldom  saturated  even  during 
a  severe  thunder  shower,  hence  a  knowledge  of  the  properties 
of  unsaturated  air  is  necessary  for  accurate  analysis.  In  the 
average  commercial  problems  there  are  so  many  indeterminable 
quantities  on  account  of  the  variations  in  operation  that  the 
error  due  to  the  assumption  that  the  air  is  either  dry  or  com- 
pletely saturated  is  entirely  lost  sight  of  in  the  liberal  factors 
allowed  for.  In  experimental  investigations,  however,  condi- 
tions of  operation  may  be  maintained  practically  constant  and 
the  various  influencing  factors  should  be  carefully  considered. 

Air  is  said  to  be  saturated  with  water  vapor  when  it  con- 
tains the  maximum  amount  possible  at  the  existing  tempera- 
ture and  pressure.  If  the  air  is  only  partially  saturated  the 
ratio  of  the  mass  of  moisture  present  to  the  mass  reijuired  for 
complete  saturation  at  the  given  temperature  is  called  the  rela- 
tive humidity.  The  latter,  also,  represents  the  ratio  of  the  ex- 
isting vapor  tension  to  the  maximum  tension  at  the  same  tem- 
perature. The  degree  of  saturation  or  relative  humidity  is 
ordinarily  determined  from  the  difference  in  reading  of  a  wet 
and  dry  bulb  thermometer,  thus:  If  the  air  is  saturated  with 
aqueous  vapor  no  evaporation  takes  place  from  the  wet  bulb 
and  the  two  thermometers  give  identical  readings;  but  if  it 
be  unsaturated,  evaporation  occurs,  the  wet  bulb  thermometer 
is  thus  cooled,  and  its  reading  is  lower  than  that  of  the  dry 
bulb.  The  difference  in  reading  is  a  function  of  the  relative 
humidity  and  the  latter  may  be  calculated  from  the  following 
modiflcations  of  Apjohns'  formula: 

If  the  thermometer  reads  above  32°  F., 

1         ip  dP     llOO  ... 
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If  it  reads  below  32°  F., 

(  96x30  »      P,  ^-' 

in  which 

h  =  relative  humidity,  per  cent. 

d  =  difference   in   reading  of  the  Avet  and  dry  tlier- 

mometers,  degrees  F. 
P  =  barometric  pressure,  inches  of  mercury. 
Pw  =  maximum  tension  of  aqueous  vapor  correspond- 
ing to  tlie  temperature  of  the  wet  thermonu^- 
ter,  inches  of  mercury.     (This  may  l)e  taken 
directly  from  the  steam  table.) 
P,    =  maximum  tension  of  aqueous  vapor  correspond- 
ing to  the  temperature  of  the  dry  thermome- 
ter, inches  of  mercury. 
Example :    Determine  the  relative  humidity  when  tlie  dry 
liulb  reads  70°  F..  wet  l)ulb  60°  F..  barometer  28.0. 
From  the  steam  tables  we  find 

P^,  =  0.50 ;  P,  =  0.73 
Whence 

,        j  .,  -^      10x28  }    100      .- 
h=  -  0.^2  —  ^ — —  f  — —  =^3  per  cent 
(  88x30  *  0. 73 

Tables  giving  the  relative  humidity  in  terms  of  the  tem- 
perature difference  are  published  in  most  engineering  hand- 
books and  the  above  calculations  are  unnecessary.  These  ta- 
bles, however,  are  based  on  a  fixed  barometer  pressure,  Avhereas 
the  formula  takes  the  actual  pressure  into  consideration. 

The  properties  of  saturated   and  unsaturated   vapors   ai-i- 
based  on  the  following  fundamental  physical  laws: 
Dalton's  laws: 

(a)  The  .mass  of  a  given  kind  of  vapor  re- 
quired just  to  saturate  a  given  space  at  a  given 
temperature  is  the  same  whether  the  vapor  be  all 
l)y  itself  or  associated  with  vaporless  gases. 

(b)  The  maximum  tension  of  a  given  kind 
of  vapor  at  a  given  temperature  is  the  same 
whether  it  is  all  by  itself  or  associated  with  va- 
porless gases. 

(c)  In  a  mixture  of  gas  and  vapor  the  total 
pressure  is  equal  to  the  sum  of  the  partial  pres- 
sures. 
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Charles'  laws: 

All  gases  expand  equally  when  heated  at  con- 
stant pressure  and  for  every  degree  of  Fahrenheit 
the  amonnt  of  expansion  is  1/4^0  of  tlie  volume 
occupied  at  0°  F. 
For   unsaturated   water  vapor  the  law   is   approximately 
true,   the  deviation   being  greatest  as  the  saturation   point  is 
approached. 

For  saturated  M^ater  vapor  the  law  is  not  applicalile  ;ind 
recourse  must  he  had  to  Steam  Tables. 
Boyle's  laws: 

The  volume  occupied  by  a  given  mass  of  gas 
under   diflferent   pressures    is    inversely    propor- 
tional to  the  pressure  provided  the  temperature 
remains  constant. 
For  unsaturated  water  vapor  the    law    is  approximately 
true,  the  deviation  increasing  as  the  saturation  point  is  reachecl. 
The  error  is  negligible  for  most  purposes. 
For  saturated  water  vapor  the  law  is  not  applicable,  and 
recourse  must  be  had  to  Steam  Tables. 

These  laws  may  be  expressed  : 
Dalton's  law: 

For  saturated  air 

P  =  Pa  +  Pv  (3) 

For  unsaturated  air 

P  =  Pa    +    hP.  (4) 

in  which 

P  =  observed  atmospheric  prc^ssure  as  obtained  from 
the  barometer. 

Pa  =  pressure  of  the  dry  air  in  the  mixture. 

P^,  =  pressure  of  the  vapor  in  the  mixture.  This  may 
be  taken  directly  from  the  Steam  Tables.  It 
is  the  pressure  of  the  steam  at  the  tempera- 
ture corresponding  to  that  of  the  mixture  of 
air  and  vapor. 

h  =  relative  humidity  as  determined  from  the  wet  and 
dry  thermometer. 
Tf  d  =  density  or  weiglit  per  cubic  foot  of  a  mixture  of 

air  and  vapor  at  a  given  temperature, 

d,,  =  density  of  dry  air  at  pressure  pa  and  the  given 
temperature, 
and  dv  =  density  of  vapor  at  pressure  Pv   and   the  given 

temperature.      (This   may   be   taken   directly 
from  the  Steam  Table.) 

Then, 

For  saturated  air, 

d  =  da  +  dv      ■  (5) 
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For  unsaturated  air, 

d  =  da  +  hdv  (6) 

Charles'  law: 

t,  +460 

Vj  =  vX (7) 

t  +  460 

t  +  460 

d,  =  dX (8) 

t,  +  460 
in  which 

v,  =  volume  of  gas  at  temi)erature  t,  and  pressure  p. 

V  =  volume  of  gas  at  temperature  t  and  pressure  p. 
d,  =  density  of  gas  at  temperature  t^  and  pressure  p. 
d  =  density  of  gas  at  temperature  t   and  pressure  p. 

Boyle's  law: 

pv  =  p,Vi 

P(li=PiCl  (9) 

Laws  of  Charles    and  Boyle  combined: 

P,(t  +  460) 

V  =  V, ^  (10) 

P(t, +460) 

P(t,  +  460) 

d=  d, (11) 

Px(t+460) 

We  are  now  prepared  to  compute  the  various  items  in 
Table  1: 

The  standard  atmospheric  pressure  is  taken  as  29.921 
inches  of  mercury  or  14.7  pounds  per  square  inch,  and  all  steam 
and  air  tables  are  based  upon  it.  We  will  assume  that  steam 
tables  are  available  and  that  densit.y  of  dry  air  at  0°  F.  and 
pressure  29.921  is  known. 

Let  us  determine  the  various  properties  corresponding  to, 
say,  a  temperature  of  80°  F. 

Now  the  density  of  one  cubic  foot  of  dry  air  at  29.921 
and  0°  F.  =  0.0864  pounds. 

Column  2. 

From  equation  (8) 

0  +  460 

d,  =  0.0864 =  0.07362 ; 

80  +  460 

density  of  one  cul)ic  foot  of  dry  air  at  temperature  80°  F.  and 
pressure  29.921. 
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The  various  iitems  in  Table  I,  Column  2,  have  been  multi- 
plied b}'  1000  to  avoid  unwieldy  decimals. 

Column  3. 

The  figures  in  the  column  are  the  reciprocal  of  the  density 
of  one  cubic  foot  at  the  given  temperature;  thus  for  80°  F. 

1 

V  = =  13.58 

0.0736 

Column  4. 

From  the  Steam  Tables  we  find  the  pressure  of  the  vapor 
corresponding-  to  a  temperature  of  80°  F.  to  be  1.023  inches 
of  mercury. 

Column  5. 

From  equation  (3) 
29.921  =  1.023 

Pa  =  28.898  inches  of    mercury,    tension    or  elastic 
forces  of  the  dry  air  in  the  mixture. 

Column  6. 

Substitute  d^  =  0.07362  (as  obtained  in  column  3), 
p^  =  28.898  and  p  =  29.921  in  equation  (9), 
whence 

29.921  da  =  28.898  X  0.07362 
jiiid  da  =  0.0711,  weight  of  dry  air  in  oik^  cubic  foot  ol 

mixture. 

Column  7. 

From  the  Steam  Tables  we  find  the  density  of  one  cubic 
foot  of  vapor  at  80°  F.  and  pressure  Pv  to  be 
a,  =  0.00155  lbs. 

Column  8. 

From  equation  (5) 
d  :=  dv  +  da 
=  0.00155  +  0.0711 
=  0.07265,  total  weight  of  one  cubic  foot  of  mixture. 

Column  9. 

Ratio  of  water  vapor  to  dry  air  in  one  cubic  foot  of  mixture 

di         0.00155 

_  = =    0.00218 

d.         0.0711 
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Column  10. 

Ratio  of  dry  air  to  water  vapDr  in  ono  cuhic  foot  of  mixture 

da  0.0711 

—  = =    46.0 

dv         0.00155 

Column  11. 

Cubic  feet  of  water  vapor  from   ono  p  )und   of  water  at 
pressure  iu  column  1, 


dv         0.00155 


645 


Column  12. 

One  cubic  foot  of  drv  air  at  H(f  F.  and  pressure  29.921 
weighs  .07362  lbs.  (Column  3). 

0.07362  X  0.2375  =  (specific  heat  of  dry  air)  =  0.01748 
B.T.U. necessary  to  heat  one  cubic  foot  of  dry  air  one  degree  F. 

Column  13. 
One  cubic  foot  of  mixture  at  S0°  F.,  contains  0.0711  lbs. 
drv  air  (column  6). 

0.0711  X  0.2375  =  0.01688  B.  T.  U.  neces.sary  to  heat  dry 
air  one  degree  F. 

One  cubic  foot  of  vapor  at  80°  F.  weighs  0.00155  lbs.  (col- 
umn 7). 

0.00155  X  ^-5  =  (mean  specific  heat  of  water  vapor*) 
==  0.000775  B.  T.  V.  necessary  to  sup  n^heat  vapor  con- 
tent one  degree  F. 
0.01688  +  0.000775  =  0.01765  B.  T.  V..  heat  absorbed 
by  one  cubic  foot  of  saturated  air  per  degree  F. 
Column  14. 
Cubic  feet  of  dry  air  Avarmcd  one  degree  per  B.  T.  U.  = 
reciprocal  of  column  12. 
1 

=    57.21 

0.01748 

Column  15. 
Cubic  foot  of  saturated  air  is  warmed  one  degree  B.  T.  U. 
=  reciprocal  of  column  13. 
1 

=    56.65 

0.01765 


*The  mean  specific  heat  varies  from  O.G  for  a  superheat  of  oue  degree  to 
0.48  for  a  superheat  of  150  degrees.  The  average  is  uot  far  from  0.5  for  the 
conditions   of  average   practice. 
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PRACTICAL  APPLICATIONS. 

Cooling  Tower. 

1,000  oubic  feet  of  moist  air  are  forced  into  the  base  of  a 
eoolmg  tower  per  minute  (barometer  pressure  28.8,  tempera- 
ture 60°  F.,  relative  humidity  60%),  and  issue  from  the  top 
at  a  pressure  of  110°  F.  and  relative  humidity  90%.  Recpiired 
the  weight  of  water  absorbed  and  the  heat  abstracted  from  the 
circulating  water. 

From  column   (4) 

p,  =  0.518  for  60°  F. 
Substitute  the  value  of  p,,  in  equation  (4),  noting  that 

p  =  28.8  and  h  =  0.6. 
thus : 

28.8  =  Pa  +  0.6  X  0.518. 

Pa  =  28.49  =  the  pressure  of  the  dry  air  in  tlic  mix- 
ture entering  the  toAver. 
Similarly,  from  column   (4) 
Pv  =  2.577  for  110°  F. 
Sul)stitute  the  values  of  Pv  in  e(|uation  (4),  noting  that 
p  =  28.8  and  h  =  0.9 
28.8  =  Pa  -}-  0.9  X  2.577 

Pa  =  26.48  =  the  pressure  of  the  dry  air  in  the  mix- 
ture leaving  the  tower. 
If  the  air  entering  the  tower  were  completely  saturated 
1,000  cubic  feet  would  contain  0.S0S2  ]l)s.  of  water'vapor  (col- 
umn 7). 

At  60%    saturation  the  vapoi-  content  will   be   (see  equa- 
tion 6) 
hdv  =  0.6  X  0.8082  =  0.4S5  ll)s.  per  1000  eubie  feet. 
Tn  leaving  the  tower  tlie  weight  of  waiter  vapor  at  satu- 
ration 
dv  =  3.73  lbs.  per  1000  cubic  feet, 
and         hdv  =  0.9  X  3.73  =  3.357  lbs.  per  1000  cubic  feet. 

But  the  air  passing  through  the  tower  has  the  temperature 
changed  from  60°  F.  to  110°  F.,  and  the  pressure  from  28  49 
(Pa)  to  26.48. 

Therefore  the  1000  cubic  feet  of  air  entering  per  minute 
on  leaving  the  tower  Avill  be  increased  to  (equation  10) 

28.49     •   460 -f-  110 

v  =  1000 X =  1180  cubic  feet, 

26.48  460  +  60 

i 

and  the  total  weight  of  water  vapor  in  this  amonut  of  air  leav- 
ing the  tower  per  minute  is 
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1180 

3.357  X =    3.9G0  lbs. 

1000 

From  column  (3)  the  weight  of  1000  euljic  feet  of  dry  air 
at  60°  F.  and  pressure  29.!)2]  is  76.4  ll)s.  Tue  Aveight  of  dry 
air  in  the  1000  cubic  feet  of  mixture  entering  the  tower  is 

Pad 

da  = (ecjuation  'J,  Boyle's  law) 

P 

28.49  X  76.4 
= =    72.8  lbs. 


29.92 

The  heat  necessary  to  raise  thi;  mass  of  air  from  GO"  to 
110°  F.  is 

72.8  X  0.2375  X   (110—60)  =  866  B.  T.  V. 
The   heat  necessary  to   evaporate   3.475   lbs.   of  water  at 
110°  F.  is 

3.475  X  1037  (=  heat  of  evaporation  at  110°  F.) 
=  3600   B.   T.   U.* 
The  heat  necessary  to  superheat  the  vapor  content   from 
60°  to  110°  is 

0.485    X    (110—60)    X    0.5    (=  .specific   heat   of  lbs. 

superheated  vapor)   =  12.1  B.  T.  V. 
866  +  3600  -f  12.1  =  4478.1  =  B.  T.  U.  =  total  heat 
abstracted  from    the    circulating    water    jter 
minute. 

Evaporative  Surface  Condenser. 

How  many  cubic  feet  of  moist  air  and  how  many  poiuids 
of  water  spray  must  l)e  forced  through  an  evaporative  surface 
condenser  of  the  fan  type  in  order  to  condense  1000  pounds  of 
steam  per  hour  and  maintain  a  vacuum  of  25  inches,  barom- 
eter 29.  (Atmospheric  air  80°  F.,  relative  humidity  707t.) 
The  air  and  vapor  issue  from  the  discharge  pipe  under  pressure 
of  four  inches  of  water,  temperature  120°  F.,  relative  humidity 
1009^ . 


*Tliou.iCli  the  process  of  evaiioiatiou  is  prrtctii-nlly  fontiuued  tlirouj-'b  tlie 
whole  range  in  the  tower,  we  arc  .lustified  in  nsing  tlie  heat  of  vaporization  at 
the  highest  temperature,  because  the  lirinirt  was  at  tliis  tenii)erature  entering 
the  tower  and  the  vapor  is  brought  l>ucli  to  this  temperature  when  leaving 
the  tower. 
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The  absolute  pressure  in  the  condenser  is  29.0 — 25.0 
=  4  inches  of  mercury  or  1.98  lbs.  per  scj.  in. 

The  total  heat  necessary  to  condense  and  cool  100  lbs.  of 
steam  per  hour  at  absolute  pressure  of  1.98  lbs.  per  sq.  in. 
to  120°  F.  is 

1000  [1152— (120— 32)]  =  1.062,000  B.  T.  U. 
Neglecting  radiation  and  leakage  losses,  this  is  the  heat  to 
be  abstracted  per  hour  by  the  air  and  Avater  spray. 

The  pressure  of  the  dry  air  in  the  mixture  entering  the 
condenser  is  (equation  4) 

P,  =  29—0.7  X  1.023  =  28.284 

The  pressure  of  the  dry  air  in  the  mixture  leaving  the  con- 
denser is 

P'^  =  29  +  0.294—3.425  =  25.869 

(0.294  is  the  value  in  inches  of  mercury  of 
four  inches  of  water — the  fan  pressure.) 
Let  V  =  the  volume  of  moist  air  (expressed  in  thousands 
of  cubic  fee:t)  under  atmospheric  conditions  entering  the  con- 
denser. 

In  leaving,  this  volume  will  increase  to 

28.284        460  -f  120  i 
X V    =    1.175  V 


25.869         460  +  80 

The  weight  of  vapor  in  the  condenser  discharge  is 

1.175  Vdv  =  1.175  X  4.883  V 
=  5.74  V   lbs. 
The  weight  of  vapor  in   the  mixture   entering   the  con- 
denser is 

hdvV  =  0.7  X  1.55  X  V  =  1.085  V  lbs. 
The  amount  evaporated  therefore  is  - 

5.74  V  —  1.085  V  =  4.655  V  lbs. 
The  weight  of  dry  air  entering  the  condenser 

Pad  .  . 

daV  = V    (equation  9 

P 

28.284  X  7.36 

= V 

29.92 
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and  the  heat  absorbed  by  the  dry  air  content  in  being  heated 
from  80°  to  120°  F.  is 

28.284  X  7.36 

V  X  .2375  (120—80)  =  660  V   B.  T.  U. 

29.92 

Heat  absorbed  by  tlie  evaporation  of  4.655  V  lbs.  of  water  is 
4.655  V  X  i057  =  4920  V  B.  T.  U. 

(Here  the  latent  heat  is  taken  at  the  lower 
temperature,  it  being  the  original  tem- 
perature of  the  liquid.) 
Heat  required   to^  superheat   ]  .085  V  ll)s.   of  vapor  from 
80°  to  120°  is 

1.085  V  (120—80)  0.5  =  21.7  V   B.  T.  U. 
Total  heat  absorbed  bv  the  entering  air  and  spray  is 

.660  V  +  920  V  +  21.7  V  =  5601.7  V   B.  T.  U. 
But  this  represents,  also,  the  heat  given  up  bv  the  steam  or 

5,601.7  V  =  1.062,000 
Therefore, 

V  =  189.5  thousands  or  189,500  cubic  feet  of  atmos- 
pheric air  are  necessary  to  condense  and  cool 
1000  lbs.  of  steam  under  the  given  conditions. 
The  water  spray  to  be  injected  per  hour  is 
4.655  V  =-  4.655  X  189-5  =  884  lbs. 


THE   CARRYING   CAPACITY   OF   RAPID   TRANSIT 
SYSTEMS. 
BY  THOMAS.  A.  BANNING,  JR.* 
Statement  of  the  Problem, 

One  of  the  most  imp;n'tant  railroad  prol)lems  to  be  con- 
fronted at  present  is  that  of  carrying  capacity,  Ijy  whicli  is 
understood  the  possible  rate  of  passenger  or  freight  movement 
over  a  system,  or  past  a  controlling  point,  expressed  in  pas- 
sengers per  hour  or  cars  per  hour.  Traffic  has  become  so  con- 
gested on  portions  of  many  systems  that  the  analysis  and  solu- 
tion of  capacity  prol)lems  is  necessary,  and  methods  must  be 
devised  to  provide  the  maxinuim  possible  carrying  capacity  at 
limiting  points. 

These  problems  may  be  classified  as  relating  to  the  carry- 
ing of  passengers  in  and  al)out  great  metrop;)litan  centers,  or 
as  relating  to  through  passenger  or  freight  trat^c,  or  both.  In 
any  case,  conditions  of  convenience  to  the  public,  return  on  the 
investment,  safety  of  operation,  etc.,  must  l)e  considered  and 
weighed  before  the  adoption  is  decided  upon  of  any  method  of 
increasing  capacity. 

This  paper  deals  ehiefiy  with  the  analysis  of  train  move- 
ment in  rapid  transit  service  as  related  to  capacity  and  the 
determination  of  the  maximum  capacity  of  a  rapid  transit 
system  for  any  given  set  of  conditions.  The  remedies  to  ])e  ap- 
plied to  an}'  specific  problem  must  of  nature  be  dictated  by 
local  conditions  and  the  means  at  hand  for  meeting  such  con- 
ditions. 

The  car  capacity  of  a  railroad  system  for  given  operating 
conditions  is  usually  limited  by  some  station,  signal  system,  or 
interlocking  plant.  Occasions  arise  when  the  movement  of 
trains  through  an  interlocking  plant  is  related  to  their  move- 
ment past  some  adjacent  station  or  through  some  adjacent 
signal  block;  or  when  their  movement  past  a  station  is  related 
to  their  movement  in  an  adjacent  signal  l)lock.  etc.  In  an>- 
event,  there  will  be  ft>und  usually  some  controlling  locality 
wherein  conditions  are  such  as  to  limit  the  capacity  of  the  en- 
tire system.  If  train  schedules  call  for  an  average  movement 
in  excess  of  this  limit,  there  must  arise  a  congestion  of  move- 
ment in  the  vicinity  of  this  limiting  location.  Such  congestion 
may  extend  back  long  distances  from  the  real  seat  of  trouble, 
thus  creating  wrong  impressions  as  to  the  actual  conditions 
existing  and  at  times  leading  to  futile  attempts  to  remedy  the 
trouble  and  increase  capacity. 

*Class  1907.     With   Boaifl    of   Supervising   Eugiueers,   Cliicago   Traction. 
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The  f()llowii]g  order  of  diseiissioii  will  he  ohscrvcd  in  the 
reiiiaiiider  of  this  article: 

First:  The  capacity  of  single  platform  stations. 

Second:  The  capacity  of  track,  with  and  Avithout  block 
signal  equipment. 

Third:  The  capacity  of  double  i)latform  stations,  i.  c.  plat- 
forms long  enough  to  aecomodate  two  trains  at  one 
time. 

Fourth:  The  capacity  of  reservoir  stations;  i.  e.,  stations 
so  arranged  that  trains  pass  alternately  to  o[)[)osite 
sides  of  the  platform. 

Fifth  :  The  capacity  of  interlocking  plants. 

Sixth:  The  capacity  of  tlie  system  as  a  whole. 

Tlie  Capacity  of  Single  Platform  Stations ; 

The  average  frequency  with  which  cars  can  l)e  moved  past 
a  siiigle  platform  station  depends  upon  the  following  factors; 

1.  The  maximum  speed  of  trains  on  the  adjacent  track. 

2.  The  rate  of  braking  of  the  trains. 

3.  The  duration  of  the  station  stop. 

4.  The  rate  of  acceleration  of  the  trains. 

5.  The  length  of  the  trains. 

These  may   all   be   properly   considered   in    estinuiting   station 
capacity. 

Assuming  the  movement  of  trains  at  stations  as  not  affect- 
ed by  outside  intiuenees.  such  as  interlocking  plants,  the  fol- 
lowing discussion  applies.  A  train  approaches  the  station  at 
the  given  maximum  speed,  slows  down  and  comes  to  rest  at  the 
platform.  After  a  certain  interval  it  accelerates,  moves  away 
from  the  platform ;  and  as  soon  as  safe  thereafter,  the  following 
train  goes  tlirough  the  same  cycle.  Fig.  1  shows  these  move- 
ments diagrammatically  by  means  of  distance-time  curves  for 
the  case  of  one  train  occupying  the  platform  at  a  time.  This 
shows  that  the  total  time  interval  between  trains  is  made  up  of 
five  elements,  thus : 

T  =  B  +  D  +  A-fL  +  S  (1) 

in  which 

B  =  Time  lost  in  braking,  or  excess  time  re(|uired  to 

run  from  point  of  application  of  brakes  to. 

platform  over  that  to  run  same  distance  at 

full  speed. 
D  =  Duration  of  station  stop. 
A  =  Time  lost  in  accelerating,  or  excess  time  required 

to  run  the  distance  covered  in  reaching  full 

speed  over  that  to  run  the  same  distance  at 

full  speed. 
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L  =  Time  to  run  a  train  length  at  full  speed. 
S  =  Safe  time  interval  between  rear  of  one  train  and 
front  of  the  follower,  determined  by  the  full 
speed  attained. 
Expressed  in  terms  of  average  rates  of  aceeleration  and 
braking,  length  of  train,  etc..  expression  (1)  becomes: 


F:g.  1. 


T  =  V/(2b)  +  D  +  V/(2a)  + 

1/(1.47V)  +  V/2b' +  t        (2) 
in  which 

V  =  maximum  speed  in  miles  per  hour. 

b  =  mean  service  rate  of  braking  in  miles  per  hour 

per  sec. 
a  =  mean  rate  of  acceleration  in  miles  per  hour  per 

sec. 
1  =  train  length  in  feet, 
b^  =  mean  emergency  braking  rate,  miles  per  hour 

per  sec. 
t^time  to  set  brakes  for  emergency  stop. 
These  factors  are  next  considered  separately  and  as  re- 
lated to  each  other.  The  time  losses  in  braking  and  accelerat- 
ing vary  inversely  as  the  mean  rates  of  braking  and  accelera- 
tion respectively,  and  directly  as  the  maximum  speed.  In  cases 
where  the  maximum  speeds  are  high,  the  time  loss  in  accelera- 
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tioii  is  best  found  directly  from  the  (aiaraeteristie  speed-time 
curve  of  the  eqnipmpiit  during:  the  accelerating  period.  The 
mean  rate  of  acceleration  affects  only  the  third  item  of  ex- 
])ression  (1).  whereas  the  mean  rate  of  braking  aft'ccts  l)oth 
tlie  first  and  fifth,  assuming  emergency  rate  equal  to  service 
rate  of  braking.  Therefore  an  improvement  in  the  rate  of 
braking  allows  a  much  greater  reduction  in  headway  than  a 
proportional  improvement  in  acceleration ;  and  since  an  in- 
crease in  rate  of  acceleration  necessitates  almost  a  i)ropor- 
tional  increase  in  first  cost  of  car  power  e(|uipm(Mit.  an  in- 
crease of  braking  efficiency  is  by  far  the  more  d-sirable  of  the 
two.  Considering  only  items  one  and  three  of  expression  (1), 
high  maximum  speed  is  not  desirable  as  it  causes  a  large  loss 
of  time  in  accelerating  and  braking. 

The  duration  of  station  stop  is  one  of  the  most  important 
items  affecting  total  headway.  Therefore  its  value  must  be 
estimated  as  accurately  for  new  conditions  as  pjssible.  This 
can  be  done  by  comparing  conditions  for  proposed  operation 
with  present  conditions.  However  entirely  new  estimates  may 
be  necessary  because  of  a  very  large  change  of  conditions  such 
as  a  reduction  of  the  total  number  of  available  stations  for 
loading  trains. 

In  general  the  duration  stop  is  made  up  of  four  ilcms.  as 
follows:  .^^ 

D  =  G  +  nP  +  B  +  S  (3) 

in  which 

D  =  Duration  of  station  stop. 

G  =  Time  to  open  gates  or  pneumatic  doors. 

n  ^Average  time  to  load  or  unload  (»ne  passenger. 

p  =  Average   number    of   passengers   loading    or   un- 
loading at  each  entrance. 

B  =  Time  to  close  op -ning  and  pass  station  starting 
signal. 

S^Time  between  starting  signal  and  actual  start. 
The  time  to  open  the  exits  should  be  very  close  to  zero,  be- 
cause the  guards  sliould  have  everything  in  readiness  to  act  at 
the  instant  of  stopping.  One  second  is  ample  allowance  for 
G.  n  depends  on  the  habits  of  the  people,  the  number  of 
passengers  already  in  the  car,  size  and  nature  of  platform 
crowd,  weather  conditions,  etc.  Its  value  must  be  estimated 
for  the  proposed  operation.  Similarly  P  must  be  estimated. 
Rerouting  of  trains  may  cause  passengers  to  crowd  to  some 
particular  station,  thus  increasing  the  duration  of  stop  of 
that  particular  station  over  the  present  value.  Such  con- 
tingencies must  be  as  completely  foreseen  as  possible.  The 
time  to  close  openings  and  to  pass  the  signal  varies  with  the 
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length  of  train,  kind  of  doors  or  gates,  etc.  Tlie  nse  of  auto- 
matic  signals  to  notify  the  motorman  the  instant  all  open- 
ings are  closed  is  desirable^  oftentimes.  The  time  elapsing  be- 
tween the  receipt  of  signal  and  actual  starting  should  be  very 
small,  not  usually  over  one  second.  The  time  for  a  train  to 
run  its  length  varies  directly  with  its  length  and  inversely 
as  its  speed. 

Examination  of  expression  (2)  shows  that  each  item  may 
be  plotted  as  a  function  of  speed.  The  time  lost  in  braking 
and  the  time  lost  in  accelerating  are  shown  by  straight  lines 
passing  through  the  origin  (lines  B  and  A,  Fig.  2).  The  mini- 
mum safe  time  ])etween  the  rear  of  one  train  and  the  front  of 
the  next  is  shown  by  a  straight  line  drawn  at  an  angle  with 
the  speed  axis  corresponding  to  the  emergency  rate  of  brak- 
ing, and  distant  above  the  origin  by  the  time  allowance  for 
setting  the  brakes  (line  S,  Fig  2)  ;  the  duration  of  station 
stop  is  shown  by  the  line  D.  parallel  to  the  speed  axis,  and 
distant  from  it  by  the  time  of  stop. 

For  the  purposes  of  comparison  the  examples  used  in  the 
following  portions  of  this  article  are  based  on  the  following 
assumptions :  Duration  of  stop  when  only  loading  or  unload- 
ing at  one  side  of  the  train,  thirty  seconds.  Duration  of  stop 
when  loading  at  both  sides  of  the  train,  fifteen  seconds.  Mean 
rate  of  acceleration  1.10  ]\T.P.TI.  per  sec,  mean  rate  of  brak- 
ing 1.50  M.P.TT.  per  sec,  allowance  of  one  second  to  set  brakes, 
block  clearance  distance  equal  to  twice  the  emergency  l)rak- 
ing  distance  for  the  speed  assumed,  length  of  block  for  eight 
ear  trains  not  less  than  500  ft.,  length  of  block  for  five  car 
trains  not  less  than  350  ft.,  allowance  of  three  sees,  for  signal 
system  to  act  in  clearing.  These  are  average  operating  con- 
stants corresponding  to  heavy  elevated  or  subway  traffic,  but 
they  relate  to  no  particular  installation. 

In  ordinar}^  operation  the  openings  on  only  one  side  of 
the  train  are  available  at  any  one  time.  Provision  for  regu- 
lated passenger  movement  on  both  sides  of  the  train  at  once 
Avill  double  the  number  of  openings  available,  thus  practically 
reducing  the  duration  of  stop  by  one-half  and  effecting  a 
corresponding  reduction  in  total  headway.  Line  D"^  of  Fig.  2 
repr(^sents  the  duration  of  station  stop  for  this  method  of  oper- 
ation. An  even  better  result  in  this  case  might  be  expected 
due  to  there  being  estalilished  a  definite  circulation  of  passen- 
ger movement. 

The  time  to  run  a  ti-ain  length  is  represented  ])y  the  hyper- 
bola L  for  eight-car  trains,  and  by  J  A  for  five-car  trains.  The 
value  of  L  plus  the  value  of  E  for  any  assumed  maximum 
speed  between  stations  giv(>i^  a  point  on  line  T  which  shows 
the  total  train  headwav. 


StAT/ON    HEAPU/Ay 


ShOMfia  fr:/a/-/or?  o^  Speed  fy  hecKfi»A)y 


A55UMP770/\/3 

lerJe^f'h  o/"  car  SO  J^t 

Dura /-/on  o/^  shc^ 

lood/ng  one  side  30  sees 
loacf/np  bo^h  sides  J5  stxrs. 


BraM'/na  rohs  ^50  /^.PH.pcrsec. 

Acce/erahha  rz7ie  /^O  MP. /f.  per  sec 

^//o\>yar7ce  &  set  brakes  /O  sec. 


JO      /5       20      25      30      35     40     '^Sr      50      ^      60 

Speecf  •  M,/es  per  /toor        y^  ^^.^^  ^„^,,^ 

Fig.  2. 
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The  Capacity  of  Track,  with  and  without  Block  Signal  Equip- 
ment : 

The  total  time  interval  between  trains  operatinj;  along-  a 
track  between  stations  mav  be  expressed  thus    : 

T  =  L  +  O  '  (4) 

in  which 

T  =  Headway  of  train  movement  past  a  g'ivcn  pi)int. 
L  =  Time  to  run  a  train  length. 

0  =  Minimum  tinx^  to  cover  necessary  safe  operating 
space  between  trains. 
L  varies  directly  with  the  train  length  and  inversely  with 
the  speed  at  Avhich  the  train   is  moving.     The  factor   0  Avill 
depend  on  the  maximum  speed  between  stations,  block  signal 
re(iuirements.  eniergenc>-  braking  rate.  etc. 
Case  I:    Use  of  Block  Signal  System: 
In  general 

0  =  C  +  t  +  ti  (5) 
in  which 

C  =  Time    to    run    block    clearance    distance    at    full 
speed.      (Distance     between     signal     set     at 
danger  and  point  of  track  at  which  preced- 
ing train  releases  such  signal.) 
t  =  Time  to  make  emergency  brake  application, 
t^  =  Time  for  signal  system  to  act. 
If   the   l)lock   clearance   distance    is   twic(^-the   emergency 
braking  distance  for  the  full  speed  assumed,  then 

Clearance  distance  in  feet  =  1.47  V/b^  (f)) 

in  which  symbols  are  same  as  above. 

The  time  to  run  this  distance  during  stopping  is  V  divid- 
ed bv  b\  and  the  total  safe  headwav  is  therefore 

T  =  1/1.47  V  +  V/bi  +  t"+  ti  (7) 

in  which 

1  =  train  length  in  feet. 

In  any  case  the  length  of  block  must  not  be  less  than  a 
full  train  length.  Good  practice  recpiires  a  certain  margin  over 
and  above  such  a  requirement  on  account  of  tlie  possiliility  of 
hauling  work  cars  behind  a  regular  train  or  other  local  reast)ns. 
It  is  here  assumed  that  the  block  length  will  not  be  less  than 
one  train  length  plus  100  feet.  Therefore  the  block  length  for 
eight-car  trains  must  be  at  least  500  feet,  and  that  for  a  five- 
car  train  at  least  350  feet,  assuming  a  length  of  car  as  gener- 
ally found  in  elevated  railway  and  subway  i)ractice  in  this 
country. 

Expression  (7)  is  shown  graphically  by  Fig.  3,  assuming 
the  above  minimum   block  length. 
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Case  II.    No  Block  Signal  System. 
In  this  case 

T  =  L  +  S  (8) 

or 

T  =  1/1.47  V  +  V/2bi  +  t  (9) 

Expression  (9)  is  shown  graphically  by  Fig.  4.  This  dif- 
fers from  Fig.  3  in  the  absence  of  the  lines  of  time  for  signal 
system  to  act,  and  time  to  run  a  block  clearance  distance,  and 
in  the  addition  of  the  line  of  safe  distance  between  trains. 
Line  C  of  Fig  3  corresponds  in  a  general  way  to  line  S  of  Fig. 
4. 

Fig.  5  shows  the  maximum  ears  per  hour  plotted  against 
speed  in  miles  per  hour  for  five  and  eight-car  trains  for  the 
preceding  analj'-sis  of  movement  at  single  platforms,  and  along 
track  with  and  without  signal  system.  It  is  evident  that  for 
the  conditions  chosen  the  capacity  of  track,  both  with  and 
without  signal  system  is  much  in  excess  of  the  single  station 
platform  capacity  when  loading  or  unloading  at  Init  one  side 
of  the  train.  Thus  for  eight-car  train  operation  l)etween  sta- 
tions at  35  miles  per  hour,  the  capacity  of  track  with  signal 
system  may  be  820  cars  per  hour  whereas  the  corresponding 
capacity  of  single  platforms,  which  unload  or  load  at  but  one 
side  of  train  cannot  exceed  370  cars  per  hour.  This  conclu- 
sion, it  must  be  noted,  is  based  only  on  the  case  for  the  as- 
sumptions shown  in  the  figure.  Any  change  of  conditions,  such 
as  a  different  average  duration  of  station  stop,  would  change 
the  above  conclusion,  at  least  for  certain  ranges  of  maximum 
speed. 

There  have  been  suggested  two  other  methods  of  increas- 
ing platform  capacity;  namely,  the  use  of  double  platforms 
(platforms  long  enough  to  accommodate  two  trains  at  one 
time)  as  proposed  by  George  Weston  for  application  to  the 
Union  Elevated  Railroad  in  Chicago;  and  the  use  of  "reser- 
voir stations,"  which  are  stations  so  arranged  that  succeeding 
trains  pass  alternately  to  opposite  sides  of  the  platform. 
These  are  proposed  b.y  Bion  J.  Arnold  for  application  to  New 
York  Subway  conditions.  Reservoir  stations  may  be  arranged 
to  take  trains  from  the  same  set  of  rails  between  stations  by 
means  of  switches,  or  from  gauntleted  track. 

The  Capacity  of  Double  Platform  Stations : 

Fig.  6  shows  diagramatically  the  movement  of  a  pair  of 
trains  past  a  double  platform.  It  shows  that  the  average  time 
interval  between  trains  is 

T  =  1/2  (B  -f  D  +  A)  +  L  +  S  (10) 
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UJO 


Trach'  Head  WAV 

B/ocM'  S/<^na/  System 


Sf7oi^in<p  nsiatian  of  speed  1b  heaci\*Aay 


/5 


?0     25     30      35     40     ^ 
Speed  -  Ai/7es  per  /^our- 

FiG.  3. 


50     55      60 


It  is  evident  that  such  operation  results  in  time  saving 
corresponding  to  one-half  the  actual  stop,  plus  one-half  the 
time  lost  in  acceleration  and  braking.  If  the  total  train  use 
of  both  ends  of  the  platform  wore  equal,  it  would  be  possible 
to  obtain  an  increase  of  average  station  capacity  correspond- 
ing to  such  reduction  of  total   headwav.     This  would  be  the 
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/5 


20      25      30      35     -40      45 
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Fig.  4. 


50     55      60 


case,  for  example,  on  a  main  line  fed  by  two  branch  lines  on 
each  of  which  the  schedules  called  for  equal  frequency  of 
train  service,  tlie  trains  from  the  two  branches  using  the  op- 
posite ends  of  the  main  line  platform. 


218 


THE    ARMOUR    ENGINEER 


[Vol.   1.   No.  2 


/500 


\        Car    Capacity 

Comparison  of  Cor  Copaa/y   of  s/n^Je   pkpfform 
stations  and  trocM"    wifh   ancf  \*/ithoLi{-  s^qnaj 
blocJ<  system. 


O      5       yo      /S      20     25     30     35     -40     45      50     55      60 
Speea'-  /^//e>s  per  /k>oir-         _^  ^ 

Fig.  5. 


In  general,  the  station  use  demanded  l)y  the  two  elassi- 
fieations  of  service  using  double  platforms  prol)a])ly  Avoiild 
not  allow  of  this  perfect  pairing  for  every  train  movement. 
Following  one  or  more  pairs  there  would  be  an  odd  train.  The 
saving  of  time  due  to  a  paired  movement  may  be  considered 
as  equal  to  the  difference  between  the  necessary  time  between 
the  arrival  of  one  train  and  the  arrival  of  the  next  when  mov- 
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ing  singly  minus  the  time  when  moving  in  pairs.  Thus,  if  the 
station  headway  when  moving  at  singh'  platforms  were  46 
seconds,  and  the  safe  time  between  the  roar  of  one  train  and 
the  head  of  the  following  were  ten  seconds,  there  would  be  a 
possible  saving  of  36  seconds  in  total  headway  each  time  a 
pairing  operation  occurred.  This  would  give  an  average  net 
saving  of  18  seconds  headway  per  train  for  perfect  pairing, 
12.0  seconds  headway  per  train  when  only  every  other  station 
movement  is  paired.  9.0  seconds  headway  per  train  when  only 
every  third  movement  is  paired,  etc. 


7?»/i/'rrTaur  £/j^i.ne^/- 


Fig.  <; 


Another  way  of  considering  the  saving  of  headway  due  to 
the  pairing  of  trains  at  double  platforms  is  as  follows:  It  has 
been  shown  that  the  increase  of  train  length  by  the  a(hlition 
of  cars  results  in  increase  of  car  capacity  of  stations.  It  may 
then  be  considered  that  a  pair  of  trains  moving  up  to  a  plat- 
form has  a  length  equal  to  twice  the  length  of  one  train  plus 
the  safe  distance  between  trains  for  the  maximum  speed  as- 
sumed, and  that  the  total  headway  of  such  a  pair  of  trains  will 
be  the  headway  corresponding  to  that  of  a  single  train  of 
this  length. 

In  general, 

■T=  [R/(R  -f  1)]  X  (B  +  D  -f  A)  +  L  +  S        (IJ) 
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The  Affnour  engineer 


in  which 


T  =  Average  headway  for  a  cycle  of  trains. 

R=  Ratio  between  trains  of  classifications  using  the 
opposite  ends  of  the  platforms,  it  being  un- 
derstood that  trains  will  be  paired  as  much 
as  possible,  and  that  the  greater  value  of 
ratio  between  trains  be  used. 
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2  3         4  S  6  7  3         9  /O        //  /3 

fTaf^/o   a/'  frv/n  use  o^  one  em^  of  pJaffiorm  tb  //»/  of  o^hersnc^ 

Fig.  8. 


Fig.  7  shows  the  headway  at  doiibU'  platforms  plotted 
against  speed  in  miles  per  hour  for  five  and  eight-car  trains 
and  with  perfect  pairing  of  train  movements. 


FTTK    AK.MOIK     E\(;i\EEI{ 
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F\g  8  shows  tht'  relation  of  cars  jxt  hour  to  ratio  be- 
tAveen  train  use  of  the  two  ends  of  phitforni.  For  example: 
if  three  times  as  man\-  ei^'ht-car  trains  stop  at  one  end  of 
the  platform  as  at  the  othei*.  the  eapaeity  eannot  exceed  51(5 
cars  per  hour  for  the  conditions  assumed.  In  obtaining  each 
point  on  the  curves  of  Fig.  8  the  speed  giving  the  minimum 
headway  corresponding  to  that  ratio  was  used,  inasmuch  as  a 
variation  of  ratio  gives  a  change,  of  the  most  desirable  free 
I'unning  speed. 

The  Capacity  of  Reservoir  Stations: 

Fig.  !)  shows  diagramatically  the  movement  of  trains 
through  reservoir  stations.  Considering  only  the  platform 
portion  it  is  evident  that  a  reservoir  station  has  twice  the  car 
capacity  of  a  similar  single  platform  station  for  the  same  con- 


ditions. However  the  platform  proper  can  not  pass  trains 
faster  than  they  can  be  switched  from  the  main  line  or  deliv- 
ered from  the  gauntleted  track  to  their  respective  sides  of 
the  platform. 

Fig.  10  shows  the  headway  at  reservoir  stations  as  related 
to  speed  for  five  and  eight-car  train  operation  with  the  as- 
sumed conditions.  It  is  seen  that  the  headway  is  controlled 
by  the  platform   proper  for   all   reasonable   speeds;  therefore 
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the  use  of  reservoir  stations  permits  double  the  car  capacity 
possible  when  using  single  platforms. 

AVe  are  now  in  a  position  to  note  the  relative  merits  of 
the  double  platform  station  arrangement  and  the  reservoir  ar- 
rangement as  respects  improvement  of  car  capacity  of  the  sta- 
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tioii  portion  of  the  system.  This  has  been  done  in  Fig.  11.  It 
is  seen  that  in  the  cases  of  both  five  and  eight-car  trains  for 
the  assumed  conditions  the  reservoir  stations  give  capacity 
considerably  in  excess  of  that  provided  by  double  platform 
stations  at  the  same  speed. 
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Comparison  of  Station  Arrangements: 

Fig.  12  shows  the  relative  car  capacities  of  the  various 
station  arrangements  above  descril^ed  for  both  five  and  eight- 
ear  trains. 


Arrangement  /■    Si ng/e  P/at^CfmStation- Loading  One  Side 


^///*.\y^'v///A\\\^///i.  WKV/irfX'^^ 


Crihca/  Sps^^cf.    0  car  traino,  /<5  /-?  -^H 
Marimum  Capacity,  d  car  trains ,  4'iO  cars  per  hr 


Arrangement  2      Sing/e  Pkitfyrm  Station  -  Loading  Sotti  Sides 


=fy//A's\\T///^\S.'s.Y//."/l\\\\y//,-AV^^:3= 
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Fig.  13. 
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It  is  seen  that  iu  eviry  case  tlie  trat-k  is  the  liinitiug 
portion  of  the  system  for  speeds  rp  to  that  giving  the  highest 
capacity.  Above  this  speed  the  stations  determine  the  ca- 
pacity. Fig  13  shows  in  outline  the  above  four  station  ar- 
rangements. 

In  all  the  at)Ove  studies  of  train  movement  at  the 
stations,  the  time  lost  in  braking  and  in  accelerating  has  been 
given  in  terms  of  the  mean  rate  of  acceleration  and  of  brak- 
ing. In  case  these  mean  rates  vary  with  the  maximum  speed 
assumed,  the  losses  of  time  may  be  found  directly  from  actual 
distance  time  curves  of  l)raking  and  acceleration. 
The  Capacity  of  Interlocking  Plants : 

An  interlocking  plant  is  considered  to  Ije  a  system  of 
switches  and  signals  arranged  for  train  protection  at  cross- 
ings, intersections,  etc..  to  prevent  the  simultaneous  move- 
ment of  trains  on  conflicting  routes.  The  capacity  of  such  a 
plant  is  determined  by  the  length  of  time  required  for  trains 
to  move  through  it  and  clear  protective  devices,  the  order 
of  train  arrival,  and  the  time  to  throw  the  plant  when  cleared. 
The  time  to  pass  a  train  through  am'  route  is 

T  =  [L/1.47  V]  +  [(V  -  VJV2  a  V]  (12) 

in  which 

T  =  Time  in  seconds. 
L  ^  Total  distance  run  in  feet. 
V  =  ^Maximum  speed  in  miles  per  hour. 
Vi  =  Speed  at  entering,  miles  per  hour. 
A  =  Accelerating  rate  of  trains. 
The  distance  L  is  that  which  the  train  must  run  from  the 
point  where  the  motorman  receives  the  signal  to  the  point  at 
which  the  rear  end  of  the  train  clears  the  last  controlling  de- 
tector bar. 

The  capacity  of  int;^rlockrng  plants  to  handle  cars  is  sus- 
ceptible to  as  accurate  predetermination  as  is  the  capacity  of 
track  and  stations.  However  the  order  of  train  arrival  at  the 
plant  must  be  known  with  reasonable  accuracy,  as  must  also 
the  safe  speeds  while  in  the  interlocking  clearance. 

The  above  analyses  of  the  carrying  capacities  of  track 
stations  and  interlocking  plants  presuppose  that  there  ex- 
ist no  peculiar  conditions  of  arrangement  such  as  interfer- 
ence between  the  action  of  interlocking  plants  or  block  signals 
and  the  stations.  In  general  the  movement  of  trains  along  the 
main  line  of  a  railroad  should  not  encounter  such  complica- 
tions, and  the  analyses  given  should  hold  strictly  true.  Then 
the  accuracy  with  which  the  capacity  may  be  estimated  will 
depend  directly  upon  that  with  which  the  assumptions  are 
made. 
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Cases   presenting    peculiar    or    individual    conditions    call 
for  special  analysis  and   it  will  be  generally  fonnd  that  the 
use  of  distance  time  cnrves  plotted  for  the  complete  move- 
ment is  of  great  aid  in  solving  them. 
The  Capacity  of  the  System  as  a  Whole : 

The  maximum  car  capacity  of  a  system  comprising  a  suc- 
cession of  stations,  intersections,  crossings,  etc.,  is  equal  to 
that  of  the  limiting  point.  There  may  be  but  one  intersection 
or  one  station  which  is  limiting,  but  this  is  sufficient  to  con- 
gest the  entire  system  provided  the  attempt  is  made  to  run 
trains  in  excess  of  this  limiting  capacity.  Whenever  there 
arises  congestion  a  new  set  of  conditions  comes  into  play  which 
reacts  on  the  entire  system  tending  to  further  reduce  its  ca- 
pacity. It  is  on  this  account  that  a  certain  factor  of  safety 
must  be  used  in  laying  out  schedules  for  train  movement 
Avhich  are  calculated  on  the  basis  of  the  theoretical  distance 
time  curve  estimates  as  described  in  this  article.  This  will 
insure  that  estimates  based  on  the  above  analyses  shall  be 
conservative.  The  amount  of  this  factor  to  be  provided 
to  take  care  of  contingencies  cannot  be  large ;  but  a  re- 
duction to  about  80%  of  the  theoretical  maximum  capacity 
as  calculated  would  seem  proper  to  be  the  basis  for  train 
schedule  time  tables. 

The  closeness  of  the  actual  car  capacity  to  the  theoretical 
car  capacity  as  determined  by  methods  outlined  in  this  article 
has  been  checked  by  a  comparison  of  car  counts  and  calcula- 
tions of  maximum  possible  car  capacity  in  the  case  of  an  ele- 
vated railroad,  the  operating  constants  of  which  were  known. 
The  calculated  maximum  capacity  was  but  ten  per  cent  in  ex- 
cess of  the  actual  measured  capacity.  This  system  involved 
several  interlocking  plants  and  other  complicated  situations, 
and  the  study  was  sufficient  to  check  the  value  of  the  methods 
Avhen  applied  to  any  proposed  set  of  conditions. 


In  general  the  pro])lem  of  rapid  transit  in  large  cities 
presents  itself  in  one  of  two  lights  or  both:  Either  that  of 
high  schedule  speed  or  that  of  accommodation  of  large  crowds 
with  reasonable  comfort.  The  question  most  vexing  to  the 
layman  and  of  great  interest  to  the  engineer  or  railroad  man 
is  "Are  these  two  demands  compatable?" 

There  is  no  question  but  that  at  the  present  time  few  if  any 
of  the  great  centers  of  population  in  this  country  or  abroad 
have  solved  this  question  in  the  affirmative.  And  further,  in 
an  attempt  to  provide  speed  while  on  a  journey,  the  solution 
has  invariably  involved  great  erowdedness  of  cars  coupled 
with  reasonable  speed  but  not  always  the  speed  desired.     In 
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Chicago  for  example,  the  main  lines  of  the  several  elevated 
systems  have  been  very  highly  developed  with  ample  provision 
for  safe  and  rapid  travel  to  and  from  the  business  district, 
but  the  time  saved  in  such  rapid  transit  on  the  main  lines  is 
offset  -when  the  business  district  is  reached  bj^  reason  of  the 
inability  of  the  present  terminus  to  handle  all  the  traffic  de- 
livered. In  New  York,  also,  the  subway  although  originally 
designed  to  provide  by  means  of  its  express  service  very 
rapid  transit  from  lower  ^Manhattan  to  the  region  of  Bronx 
and  Van  Courtland  Parks  has  not  been  meeting  the  expecta- 
tions of  its  projectors  in  regard  to  either  speed  or  carrying 
capacity. 

Of  the  three  methods  of  increasing  station  capacity  touched 
upon,  that  suggested  by  Bion  J.  Arnold  for  New  York  Subway 
conditions  seems  to  meet  the  demands  of  that  locality  in  ad- 
mirable measure.  The  adoption  of  reservoir  stations  is  shown 
to  provide  the  highest  carrying  capacity  combined  with  high 
speed,  of  any  of  the  three.  Moreover  it  is  probable  that  the 
scheme  in  itself  provides  as  safe  an  arrangement  as  can  be 
found  for  high  speed  operation  by  reason  of  the  separation 
of  the  trains  at  .stations.  The  use  of  gauutleted  tracks  would 
increase  this  safety. 

Also,  the  recommendation  of  Geo.  AVeston  for  improving 
congestion  of  the  I^nion  Elevated  Eailroad  of  Chicago  is  ex- 
cellently adapted  to  the  local  requirements.  Speed  although 
desirable  is  not  permissible  on  this  railroad  to  srnj  extent  on 
account  of  the  presence  of  short  radius  curves  at  its  corners 
and  small  distances  between  station  stops.  Moreover  the  use 
of  reservoir  stations  in  this  case  is  out  of  the  question  by  reason 
of  narrowness  of  the  streets,  so  the  use  of  double  platforms  as 
recommended  is  undoubtedly  the  best  available  means  of  in- 
creasing the  station  capacity.  Furthermore  the  situation  in 
Chicago  is  complicated  by  the  presence  of  three  interlocking 
plants. 

In  conclusion  I  wish  to  emphasize  the  importance  of  thor- 
ough study  of  a  projected  rapid  transit  system  with  reference 
to  its  carrying  capacity,  which  virtually  determines  earn- 
ing capacity,  inasmuch  as  such  study  made  before  beginning 
construction  will  avoid  the  necessity  in  following  years  of  in- 
convenient and  expensive  changes. 


SOME  NEW  BUILDINGS  OF  THE  CHICAGO  RAILWAYS 

COMPANY. 

BY    EUGENE    F.    HILLER.* 

Under  terms  of  the  ordinance  passed  by  the  Chicago  City 
Council,  February  11,  1907,  and  accepted  by  the  Chicao(^  Rail- 
ways Company,  which  operates  the  surface  transportation  lines 
on  the  north  and  w^est  sides  of  this  city,  in  January,  1908,  this 
C'ompan}^  is  now  engaged  in  rehabilitating  its  entire  properties, 
and  it  is  the  intention  here  to  set  forth  the  needs  which  govern 
the  design  and  erection,  the  materials  of  construction,  and 
the  equipment,  of  the  various  new  buildings  required  in  con- 
nection with  the  business  of  the  road  under  terms  of  this  or- 
dinance. 

The  three  classes  of  buildings  which  provide  for  the  great- 
est needs  of  the  system,  viz.,  car  storage  houses,  repair  shops 
and  current  transforming  stations,  will  be  discussed  in  the 
above  order.  The  principal  factor  governing  their  design  was 
the  material  lowering  of  the  insurance  rate  on  both  buildings 
and  contents.  Other  governing  factors  were,  to  increase  facil- 
ities for  cleaning  cars  and  for  light  repairs,  to  provide  better 
operating  offices  and  quarters  for  the  trainmen,  and  to  expedite 
the  removal  of  cars  in  cases  of  ordinary  operation  and  also  in 
ease  of  emergency. 


As  typical  of  the  first  class  mentioned  this  article  will  take 
np  first  the  car  storage  house  located  at  and  bounded  by 
Twenty-fifth,  Leavitt,  and  Twenty-fourth  Streets  and  Irving 
Avenue. 

The  ground  occupied  is  slightly  irregular  in  outline, 
the  breadth  being  340  feet,  and  the  average  length  about 
300  feet,  the  building  setting  liack  about  fifty  feet  from 
the  street  line  on  both  Twenty-fourth  and  Twenty-fiftli 
Streets  in  order  to  allow  tlu^  cars  to  swing  into  the  build- 
ing on  straight  track ;  the  ground  area  is  thus  nearly  100,000 
square  feet  and  the  average  height  of  the  building  above  the 
track  level  is  twenty-four  ft.  Like  all  the  other  new  l)uildings 
devoted  to  car  storage  or  repairs  it  is, only  one  story  high,  the 
great  weight  of  the  cars  and  the  increased  insurance  rate 
making  a  two-story  building  prohil)itive. 

The  building  stores  142  cars  and  is  divided  into  six  housing 
bays  each  forty-eight  feet  wide  and  300  feet  long  having  capac- 
ity for  about  twenty-four  cars,  giving  a  total  valuation  of  about 
ifii 60,000  for  contents  which  is  below  the  maximum  value  of 
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$200,000  in.sisted  upon  by  the  Underwriters,  to  be  allowed 
in  an}^  one  bay.  At  the  west  side  of  the  building  is  a  smaller  bay 
devoted  to  minor  car  repairs,  which  opens  directly  on  that 
part  of  the  building  devoted  to  the  operating  rooms,  contain- 
ing foreman's  office,  caller's  and  checker's  rooms,  train- 
men's room,  toilet  room,  small  machine  shop,  oil  room,  fan 
room  and  boiler  room ;  the  latter  rooms  are  separated  from 
each  other  by  fire  walls  and  are  protected  against  fire  hazard  in 


Fig.  2.     2.jth  axu  Lkavitt  Sts.  Car  Holse. 
formixg    for   roof   girders    axll   beams. 


the  repair  bay  by  double  automatic  fire  doors.  Because  of  the 
non-combustible  materials  of  which  it  is  constructed  but  also 
because  of  its  general  arrangement  and  position  of  fire  walls, 
the  building  is  of  the  best  form  of  fireproof  construction. 

The  walls  dividing  the  bays  are  all  supported  on  concrete 
foundations  made  of  concrete  mixed  in  the  ratio  of  one  part 
cement  to  three  parts  sand  and  six  parts  stone,  by  volume,  into 
which  not  more  than  fifteen  per  cent  stone  spalls  were  thrown. 
The  design  presented  no  special  difficulty  as  the  loads  coming 
on  these  foundations  only  consist  of  their  own  dead  load  and 
that  of  the  walls  and  roof,  and  the  small  live  load  on  the  roof. 
Slight  trouble  Avas  experienced  because  of  loose  earth  encoun- 
tered, due  to  the  filling  of  the  ground,  formerly  the  site  of  an 
old  building. 
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The  plant  for  this  foim elation  work  consisted  of  one  large 
capacity  mixer  stationed  near  the  middle  of  the  building,  from 
which  wheelbarrows  Avere  carried  on  runways  alongside  the 
foundation  form  work.  The  foundation  walls,  28  inches  wide 
at  the  top,  were  brought  one  foot  above  grade  and  formed 
the  water  table  for  the  outer  walls,  thus  dispensing  with  cut 
stone.  The  brick  fire  walls,  set  on  this  foundation,  are  thir- 
teen inches  thick  except  at  the  pilasters  which  occur  every 
16  ft.  9  in.  and  which  are  21  inches  liy  29  inches,  and  which 
provide  bearing  for  the  roof  girders  and  serve  as  vertical  stif- 
foners  for  the  walls.     Because  of  the  fireproof  construction  of 


Fig. 


25th  a>"u  Leavitt  Sts.  Cai!  House, 
roof   slar   reinforceme^'t. 


the  roof  it  was  necessary  to  parapet  these  walls  for  a  height  of 
86  inches  as  is  usually  required  by  the  Underwriters  in  struct- 
ures of  this  sort.  As  a  precaution  against  the  possiliility  of  fire 
jumping  from  one  bay  to  another  the  skylights  in  adjoining 
bays  were  placed  as  far  apart  as  possible. 

The  construction  of  the  roof  is  of  the  "ribbed"  tj'pe,  con- 
sisting of  a  'Sy2  inch  reinforced  concrete  slab  resting  on  rein- 
forced concrete  beams  about  eight  feet  apart,  these  in  turn  be- 
ing supported  by  reinforced  concrete  girders  spanning  the  full 
width  of  each  baj-,  37  ft. -6  in.,  and  resting  on  the  brick  pilasters 
16  ft.  9  in.  center. 
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The  mixture  of  concrete  is  1:2:-!:  by  volume  and  was  made 
wet  enough  to  be  very  sloppy.  The  slab  reinforcement  is  rib 
metal,  a  form  of  expanded  metal  in  which  the  main  rods  of 
comparatively  small  area  are  held  together  by  smaller  trans- 
verse spacers,  the  main  reinforcement  spanning  directly  between 
supports.  This  material,  coming  in  large  .sheets,  is  easily  and 
surely  placed  and  because  of  the  transverse  spacers,  tends  to 
prevent  those  expansion  cracks  which  are  liable  to  open  in 
lines  parallel  to  the  main  reinforcement.  A  complication  in  the 
design  of  the  slab  was  caused  b}^  the  large  number  of  skylights, 
there  being  15  in  each  panel,  each  about  two  feet  by  three  feet. 


Fk;.  4.     2r)TH  AND  Leavitt  8ts.  ("ar  IIolsk. 

(ilUDKR     REINFORCEMENT     SHO\VIN(;     STIHKIPS. 


To  provide  for  the  small  concentrated  loads  whicli  were  brought 
on  the  skylight  curl)s.  a  little  more  steel  in  the  way  of  round 
})ars  was  added  to  the  ril)  metal  reinforcement. 

In  the  design  of  the  slab  the  assumption  of  no  continuity 
over  the  supports  was  used  as  a  basis  of  figuring,  as  the  thinness 
of  the  slab  practically  made  the  use  of  top  bars  impossible.  The 
total  bending  movement  at  the  center  was  assumed  at  ^4  WL; 
this  then  was  eipiated  to  the  resisting  moment  of  a  value  of  .86A 
xAxl6,000  lb.,  in  which  .86 A  is  the  distance  in  inches  from  the 
center  of  gravity  of  the  compression  of  area  to  the  center  of 
the  steel  area,  "A"  is  the  area  in  square  inches  per  foot  of  slab, 
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and  16,000  lb.  is  the  stress  allowed  in  tlie  steel.  It  has  been 
found  impracticable  to  go  to  any  greater  refinements  in  the 
design  than  the  above  foimula  gives. 

The  beams  which  support  this  span  are  8  in.  x  1-4  in.  and 
were  designed  as  partially  continuous,  the  assumption  being 
that  a  total  bending  movement  of  1/6  WL  is  resisted  by  plac- 
ing enough  steel  at  the  center  of  the  span  to  resist  one-half  of 
the  amount,  or  1/12  WL,  and  the  same  amount  is  required  over 
the  supports.  The  resisting  moment  was  assumed  as  in  the 
case  of  the  slab,  at  86AxAxl6,000  lbs.  The  compression  area 
is  sufficient  without  any  addition  of  steel  or  flaring  of  the 
beams  and  the  deficiency  in  the  area  of  concrete  to  resist  diag- 
onal tension  is  developed  by  the  prongs  on  the  main  reinforcing 
members,  no  loose  stirrups  being  required. 

The  design  of  the  girders  of  48-ft.  span,  although  not  of 
unusual  length,  presented  the  crucial  part  of  the  design.  They 
are  supported,  as  stated  previously,  on  the  pilasters  of  the  fire 
walls,  their  bases  being  spread  to  give  proper  bearing.  They 
are  16  inches  wide,  52  inches  deep  at  the  middle  and  36  inches 
deep  at  the  supports  and  were  designed  as  simple  beams  with 
uniformly  distributed  loading,  the  bending  and  resisting  mo- 
ments being  the  same  as  in  the  case  of  the  slab  design.  The 
great  dead  load  of  the  girders  itself  has  a  great  influence  on 
their  design. 

The  stresses  assumed  were  : 

Tension  in  steel  16,000  lbs.  per  square  inch. 

Maximum  compression  in  concrete  700  lbs.  per  scpiare  inch. 

Shear  in  concrete  40  lbs. 

Steel  in  direct  shear  16,000  lbs.,  inclined  at  45°. 

Steel  in  vertical  stirrups,  10,000  lbs. 

As  there  are  no  adequate  formulas  for  figuring  the  com- 
pression in  the  flanges  of  such  deep  girders  considered  as  T 
beams,  no  reliance  was  placed  on  the  adjacent  portions  of  the 
slab  acting  as  portions  of  the  girders.  The  reinforcement  of 
these  girders  consists  of  Trussed  and  lineal  bars,  the  latter  be- 
ing bent  up  near  the  supports  to  help  resist  the  diagonal  ten- 
sion. Because  of  the  great  depth  of  these  girders  it  was 
thought  better  to  interpose  niunerous  vertical  stirrups  with  ■ 
which  to  hold  the  concrete  well  together,  to  prevent  planes  of 
division  where  the  pouring  of  concrete  might  be  stopped  tem- 
porarily, and  also  to  aid  in  resisting  the  diagonal  tension  near 
the  supports.  One  lineal  bar  was  run  to  the  adjacent 
girders  in  order  to  tie  the  two  together,  although  no  depend- 
ence on  this  acting  as  top  bar  was  assumed.  The  girders  are 
flared  at  the  junction  of  the  slab  to  prevent  any  break  at  that 
point  due  to  a  sudden  change  of  section  and  to  i)rovide  a  great- 
er compression  area  in  the  concrete. 
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Toj^rovide  for  holding  trolley  wires,  cast  iron  hangers  were 
placed  in  the  bottom  of  the  girder  })oxes  between  the  bars  be- 
fore ponring  concrete  and  held  in  place  by  small  nails ;  partic- 
ular care  had  to  be  exercised  in  placing  the  girder  reinforce- 
ment because  of  their  length  making  them  awkward  to  handle. 
The  skylight  curbs  are  about  12  in.  high,  from  4  to  6  inches 
wide  and  have  a  nailing  strip  imbedded  to  hold  the  skylight. 
and  were  cast  after  the  roof  slab  had  set;  no  difficulty  being 
experienced  in  providing  sufficient  natural  bond  to  hold  them 
in  place. 

Tlie  slvylights  consist  of  two  sheets  of  ribl)ed  glass  inclined 
to  an  angle  of  30  degrees.  They  are  framed  into  No.  22  gal- 
vanized iron  nailed  to  tlie  Avooden  strip  in  the  curb  and  counter 
flashed  on  the  outside.  A  wire  screen,  hinged  on  one  side  and 
held  in  place  on  the  other  by  a  wire  spring,  is  placed  a  few 
inches  below  the  glass  to  hold  it  in  case  of  breakage.  Plain 
glass  is  used  instead  of  wire  glass  so  that  a  fire  inside  the  car 
house  will  cause  the  glass  to  break  and  provide  vents  for  the 
smoke  and  heat  to  rise.  The  danger  of  fire  brands  l^eing  car- 
ried to  these  skylights  from  outside  sources  is  very  slight  be- 
cause of  the  class  of  buildings  in  this  locality.  The  skylights 
are  placed  between  tracks  so  that  no  matter  if  all  the  bay  is 
occupied  no  portion  of  it  will  be  dark.  As  mentioned  before 
there  are  fifteen  in  each  panel,  making  a  total  of  1,500  for  tlie 
entire  building. 

Proper  drainage,  not  afforded  by  the  slope  of  the  slab  was 
obtained  by  forming  ridges  of  a  lean  mixture  of  cinder  con- 
crete, over  which  a  very  rigidly  specified  four-ply  tar  and  gravel 
roof,  well  flashed  around  the  parapet  Avails  and  skylight  curbs 
was  placed. 

Downspouts,  located  at  every  second  pilaster,  consist  of  6 
in.  cast  iron  pipe  Avhich  empty  into  cast  iron  gravel  basins  at 
their  foot.  They  are  then  run  into  the  floor  drainage  system, 
the  main  line  of  which  traverses  the  middle  of  the  building, 
emptying  into  the  street  sewers  at  both  sides.  Care  was  taken 
to  make  these  drains  large  enough  to  prevent  any  possible  stop- 
page of  flow,  as  such  Avould  practically  throw  that  portion  of 
the  house  affected  out  of  service.  Drains  are  placed  at  fre- 
quent intervals  in  the  pit  floors,  the  concrete  being  sloped  to 
these  drains.  To  provide  for  water  supply  H  in.  risers  and 
hose  bibbs  are  placed  at  frequent  intervals  throughout  the 
house. 

The  track  is  a])out  four  feet  above  the  pit  floor,  the  latter 
extending  for  about  two-thirds  of  the  length  of  the  building. 
Cast  iron  columns  spaced  six  feet  apart  support  85-lb.  T  rails 
w^hich  in  turn  act  as  supports  for  the  concrete  slab  between 
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tracks.  In  place  of  every  sixth  column  is  built  a  concrete 
buttress  wall  which  provides  additional  stiffness  to  the  struct- 
ure. At  the  columns  also  two  angles,  riveted  back  to  back,  are 
placed  at  right  angles  to  the  track  and  span  between  columns  to 
provide  bearing  for  the  rails.  The  slab,  designed  for  a  total 
load  of  250  lbs.  to  take  care  of  concentrated  loads  caused  by 
jacking  up  cars  is  reinforced  by  twisted  bars  spanning  both 
ways  spaced  12-in.  centers.  A  slight  crowning  was  built  in 
this  slab  to  cause  any  water  which  might  fall  on  it  to  be  throAvn 
into  the  pit  below,  thence  to  be  drained  off  through  the  floor 
drains. 

The  85-lb.  rails  inside  the  car  house  are  spliced  directly  at 
each  end  to  the  I40-lb.  girder  rails  of  which  the  special  work 
outside  is  made.  The  area  outside  is  paved  with  granite  paving 
blocks  sloped  so  as  to  drain  into  gutters  between  the  tracks 
about  25  feet  from  the  building. 

The  heating  system  is  of  the  indirect  type,  a  double  system 
of  fans  being  situated  in  the  east  office  bay;  the  hot  air  i.s  then 
conducted  in  concrete  ducts  below  the  floor  at  each  end  of  the 
line  of  pits  and  opening  directly  into  them.  Single  automatic 
fire  dampers  are  placed  at  each  fire  wall  in  these  ducts  and,  as 
further  precaution,  each  outlet  is  provided  with  an  automatic 
damper,  making  it  impossible  for  fire  to  communicate  from  one 
bay  to  another. 

The  toilet  room  previously  mentioned,  has  a  cement  floor 
and  contains  numerous  urinals,  wash  bowls  and  closets,  the 
latter  l)eing  separately  revented  and  in  separate  compartments. 
It  has  been  the  aim  to  procure  as  serviceable  fixtures  as  possible 
and  to  provide  the  trainmen  with  the  best  accommodations.  The 
foreman  has  a  separate  toilet  room.  The  walls  in  the  office 
portion  are  all  plastered,  the  outside  walls  being  furred  by 
metal  strips  and  metal  lath.  It  was  not  thought  necessary  to 
use  lath  upon  the  inside  walls  because  they  would  probably 
be  free  from  dampness.  The  floors  in  the  other  office 
partitions  are  y^  in.  dressed  and  matched  maple,  nailed  to 
cross  sleepers,  16  in.  cc.  held  in  cinder  concrete. 

Each  of  these  rooms  is  a  separate  unit,  from  a  fire  insur- 
ance standpoint,  not  connecting  with  any  other  and  connect- 
ing Mnth  the  repair  bay  only  through  tlouble  automatic  fire 
doors.    Numerous  Burt  ventilators  are  placed  in  the  roof. 

The  repair  baj'  is  22  feet  wide,  has  a  capacity  of  five  cars 
and  contains  one  track,  similarly  constructed  to  the  tracks  in 
in  the  housing  bays ;  and  also  a  short  track  at  the  side  to  hold 
trucks  as  they  are  removed  from  the  cars.  A  traveling  crane  of 
10  tons  capacity  and  supported  on  "I"  beams  fastened  on  top 
of  large  brick  pilasters,  traverses  its  entire  length  and  blecause 
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of  limited  head  room,  in  s{)ite  of  the  fact  that  the  roof  over  this 
bay  is  raised  above  the  other  portions,  the  carriage  is  hung  be- 
low instead  of  being  placed  above  the  crane. 

The  roof  over  the  entire  building  is  covered  with  a  very 
rigidly  specified  five  ply  tar  and  gravel  roof,  well  flashed 
around  the  skylight  curbs  and  end  walls.  After  three  layers 
of  felt  have  been  laid  a  thorough  mopping  is  called  for,  the 
last  two  layers  then  being  placed.  After  three  months  the 
loose  gravel  is  to  be  swept  off  and  the  roof  recoated. 


This  then  completes  in  detail  the  main  points  involved  in 
the  construction  of  this  car  house.  The  next  building  to  by 
considered  is  that  housing  the  car  shops  at  Fortieth  and  Park 
Avenues.  It  differs  materially  in  design  from  the  carhouse  just 
described  in  that  it  is  covered  with  tooth  roofs  and  is  not  divided 
into  three  track  ))ays  as  is  the  other.  In  reality  this  shop 
is  composed  of  three  buildings,  a  carpenter  shop  223x150  ft.,  a 
paint  shop  of  the  same  size,  and  storage  rooms,  one  50x158  ft., 
the  other  25x118  ft.,  and  these  are  all  separated  by  fire  walls 
and  the  openings  in  them  protected  by  vestibules  with  auto- 
matic fire  doors.  The  shops  are  built  to  within  54  feet  of  the 
building  line  on  each  street,  leaving  room  for  a  transfer  table 
at  each  street  front  by  which  cars  are  moved  from  one  shop  to 
another.  This  obviates  the  necessity  of  transfer  table  inside 
the  building,  requiring  a  dangerous  opening,  viewed  from  a 
fire  protection  stand-point,  in  the  fire  wall  separating  the  two 
shops. 

Each  of  the  shops,  about  'A'S  feet  from  the  floor  to  the  ridge 
of  the  saw  tooth,  are  divided  crosswa^'s  into  three  spans,  the 
two  side  ones  being  48  feet  and  the  center  one  60  feet.  The 
original  design  called  for  built  up  steel  trusses  to  span  these 
distances,  which  were  to  be  fireproofed  by  metal  lath  and  ce- 
ment plaster,  but  on  taking  figures  on  this  construction,  the 
cost  was  found  to  be  so  great  that  it  was  deemed  advisable  to 
change  to  reinforced  concrete  construction,  which,  while  sav- 
ing a  little  in  cost,  has  added  advantage  of  requiring  no  fur- 
ther attention  for  maintenance  after  once  it  is  constructed. 

The  reinforced  girders  of  shorter  span  are  carried  on  one 
end  by  brick  walls  and  on  the  other  by  concrete  columns  pro- 
tected by  steel  cylinders.  The  60  foot  girders  are  carried  en- 
tirely by  these  columns.  The  idea  of  governing  this  construc- 
tion of  the  columns  was  to  provide  a  form  for  the  concrete  and 
at  the  same  time  protection,  after  completion,  against  chipping 
and  breaking  off  by  the  mechanics  working  about  the  building. 

The  girders  were  designed  as  simple  beams,  as  outlined 
before;  the  load  coming  on  them  being  uniformly  distributed. 
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since  the  beams  carrying  the  roof  framed  into  them  at  intervals 
of  17  feet.  The  60  foot  span  lias  a  width  of  16  in.  and  a  maxi- 
mum depth  at  the  center  of  70  in.,  its  upper  part  was  extended, 
after  easting,  for  a  height  of  14  in.  in  order  to  form  a  curb  for 
the  saw  tooth  windows.  The  beams  supporting  the  slab  are  of 
ordinary  design  and  are  10  in.  x  20  in.,  the  upper  flange  being 
broadened  to  create  more  compression  area.  In  addition  at 
each  column  a  horizontal  strut  is  run  across  to  the  adjacent 
column  to  provide  for  transverse  stiffening  of  the  building. 

The  roof  slab  is  composed  of  small  reinforced  concrete 
joists,  formed  by  spacing  12  in.  x  12  in.  holloAV  tile,  4  inche>, 
high,  16  inches  on  centers;  the  whole  is  then  covered  with  one 
inch  of  concrete  to  provide  a  smooth  base  for  the  roofing. 
Each  joist  is  reinforced  Avith  bars  of  .38  sq.  inch  section  at  the 
center,  the  end  section  being  partially  .sheared  off  to  provide 
diagonal  tension  members,  thereby  adding  greatly  to  the  stiff- 
ness of  these  narroAv  joists.  Top  bars  of  the  same  section  are 
spaced  32  inches  apart,  securely  tying  one  roof  panel  to  the 
next.  The  tile,  placed  adjacent  to  each  other  longitudinally, 
but  Avithout  any  connection  Avith  each  other,  are  stopped  sev- 
eral inches  from  the  beams  in  order  to  form  a  T  section.  The 
glitters  formed  at  the  joining  of  the  roof  slab  and  of  the 
AvindoAV  curbs  are  drained  at  the  dividing  Avails  into  cast  iron 
doAvnspouts  passed  through  the  building,  and  after  passing 
three  graA^el  basins  into  the  floor  drainage  system. 

The  carpenter  shop  has  only  floor  pits,  the  floor  betAvcen 
tracks  being  concrete  on  fill  instead  of  reinforced  concrete 
sla])s  as  in  the  car  houses:  this  being  done  to  proA'ide  for  the 
heavy  loads  due  to  supporting  cars  on  jacks.  To  provide  for  il- 
hnnination  beneath  the  cars  incandescent  electric  liglits  are 
recessed  in  the  sides  of  the  pits  at  interA'als  of  about  4  feet. 
P^ach  pit  is  sloped  to  drains  placed  about  75  feet  apart.  A  -V^-m. 
pipe  also  is  run  through  the  buildings  to  provide  Avater  cocks 
at  every  fourth  column  for  Avashing  purposes. 

The  paint  shop  has  no  pits,  but  the  floor,  of  concrete  on 
fill,  is  sloped  to  drains  situated  at  convenient  points  betAveen 
rails  at  interA'als  of  about  50  feet. 

In  one  corner  of  the  carpenter  shop  is  located  a  small  tAvo 
story  portion  about  14  feet  Avide  and  50  feet  long,  Avhich  con- 
tains on  the  first  floor,  the  foreman's  office  and  a  locker  and 
Avash  room  for  the  employes,  on  the  second  floor  tAVo  sets  of 
fans  and  coils  for  the  indirect  system  of  heating  for  both  shops, 
one  for  each  shop.  The  air  is  draAvn  through  the  AAindoAvs  in 
the  saAV  tooth  roof,  passes  through  the  coils  and  is  then  forced 
by  fans.  108  inches  in  diameter,  through  galvanized  iron  ducts 
hung  to  the  roof  ij'irders  and  carried  the  length  of  the  building 
in  tAvo  longitudinal  lines  adjacent  to  the  tAvo  roAvs  of  columns. 
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The  store  rouiii,  iiieiitii)iietl  previuuslv.  having  a  widtli  of  25 
feet,  is  spanned  from  wall  to  wall  l)y  lieavy  I  beams  whieli 
support  a  reinforeed  concrete  slab  lioor.  The  lower  floor  is 
devoted  to  glass  storage,  an  immense  amount  of  which  is  used 
annually  to  replace  broken  windows  on  cars.  The  second 
floor  houses  a  toilet  and  locker  room  for  the  employes  of  the 
paint  shop,  and,  being  immediately  beneath  the  saw  roof,  is  ad- 
mirably srited  to  the  purpose.  The  other  portion  of  this 
floor  houses  a  sign  painting  room  and  a  curtain  repair  room. 
l)otli  of  Avhich  have  additional  light  from  the  sides. 

The  second  store  room,  having  a  width  of  50  feet,  is  devot- 
ed to  the  storage  of  joaints  to  be  used  in  the  paint  slio^)  an(i 
also  to  the  finishing  of  tlie  interior  wood  work  of  tlie  cars 
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Passage  ways  and  doors  have  been  so  arranged  that  c :»m- 
munication  bi  tween  these  ditt'erent  portions  of  the  building  is 
facilitated  as  much  as  possible,  consistent  with  the  Ihider- 
\\  riters  re([uirements  of  as  few  comnuinications  as  possible  con- 
sislenl:  with  the  utilitv  of  the  buildings. 


In  describing  the  first  building  it  was  mentioned  that  a 
small  machine  shoj)  was  provided  in  the  office  l)ay  as  an  ad- 
junct to  the  car  station.  This  has  been  enlarged,  in  the  car 
house  at  Dewey  Court  and  Clark  Street,  into  a  large  sized 
building,  in  order  to  provide  for  repairs  in  the  north  district. 

This  building  is  one  story  high,  except  for  storage  rooms, 
and  of  superior  construction,  i.  e..  the  steel  beams  and  columns 
supporting  the  balcony  floor,  which  is  1-1  feet  wide  and  follows 
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tiiree  sides  of  the  shop,  are  proteeted  against  fire  by  a  covering 
of  concrete.  The  other  columns  which  support  the  roof,  about 
25  feet  high,  are  light  latticed  sections  ancl  are  unprotected,  ex- 
cept those  which  also  support  the  balcony,  which  are  fireproof ed 
to  the  roof  girders. 

In  this  building  3x12x18  in.  book  tile,  cemented  together 
and  covered  by  tar  and  gravel  roofing,  are  supported  on  T 
irons  clipped  to  the  supporting  I  beams.  At  frequent  intervals 
are  placed  large  skylights,  each  about  8x10  ft.;  these  admirably 
light  the  building. '  To  provide  for  ventilation  numerous  vents 
in  different  portions  of  the  roof  were  built  independently  of  the 
skyligMs.  Additional  light  was  also  secured  by  inserting  in 
the  west  wall  which  is  on  a  lot  line,  metal  frame  and  ribbed 
wire  glass  windows,  hinged  and  equipped  with  fusible  links. 

All  the  heavy  machines  are  placed  on  the  ground  floor  on 
concrete  beds.  A  3-in.  yellow  pine  flooring,  splined  and  rest- 
ing on  a  bed  of  bituminous  concrete,  i.  e.,  concrete  mixed  with 
coal  tar,  to  provide  a  firm  and  waterproof  foundation,  covers 
the  remaining  area.  It  has  been  in  service  under  heavy  wear 
and  has  stood  the  test  excellently. 

The  lighter  machines  for  armature  winding  and  repairs 
are  on  the  balcony,  which  is  a  reinforced  concrete  slab  resting 
on  steel  beams.  One  portion  of  this  balcony  is  devoted  to 
storage  room  and  contains  also  a  foreman's  office  on  the  edge 
of  the  balcony  and  overlooking  the  entire  shop. 

Various  rooms  adjoining  this  shop  and  separated  from  it 
bv  fire  walls  and  automatic  doors  are  devoted  to  forge  shop, 
storage  rooms,  fan  room,  oil  room  and  sand  room.  A  boiler 
room  with  three  low  pressure  boilers  is  also  provide  to  supply 
the  fan  system  of  indirect  heating  for  the  car  house,  in  a  man- 
ner very'  similar  to  the  Twenty-fifth  and  Leavitt  Streets  car 

house.  ,        . 

Directly  adjoining  this  shop  l)uilding  and  forming  a  portion 
of  the  car  house  is  to  be  built  a  heavy  traveling  crane  spanning 
the  entire  bay. 


The  third  class  of  the  buildings  under  construction  is  for 
transforming  alternate  current  of  high  voltage  to  direct  current 
of  550  voltage  for  use  on  the  lines.  The  buildings  ot  this 
class  are  of  "superior  construction,"  and  are  oO  feet  high  to 
provide  for  a  crane  the  full  length  of  the  building;  they  are 
50  feet  wide  and  80  feet  long  and  have  one  floor  about  six  teet 
above  grade  and  a  basement  underneath  which  contains  the 
wire  ducts,  fan  svstems  for  cooling  chambers,  and  battery  room. 
The  floor  is  of  reinforced  concrete  supported  on  steel  beams, 
openings   being  left   for   the   passage   of  cables.     The   rotary 
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foundations  are  built  entirely  independent  of  the  building 
foundations  and  are  brought  up  to  the  level  of  the  floor. 
Eaeh  station  is  designed  to  aeeomodate  tliree  rotary  converters 
and  the  accompanying  trtmsformers.  these  being  supported 
above  floor  upon  enameled  green  brick. 

The  sewage  and  drainage  systems  have  been  so  arranged 
that  the  least  possible  dampness  is  allowed  to  remain  in  the 
building  and  the  downspout  servers  are  brought  outside  the 
building  at  each  corner,  instead  of  through  the  l)asement,  as  is 
usually  done. 

A  distinctive  feature  of  these  buildings  is  the  interior  con- 
struction. The  floors  are  of  tile  imbedded  in  concrete  grout, 
and  the  walls  for  a  height  of  six  feet  are  a  green  enamelled 
brick,  above  that  point  a  white  enamel  brick  is  used  nearly  to 
the  roof,  except  at  the  brackets  which  support  the  crane  run- 
w^ay  and  at  the  corners  of  the  l)uilding,  where  the  same  green 
brick  are  employed  in  a  frieze  which  gives  these  places  an  ap- 
pearance of  greater  strength.  The  steel  columns  are  all  im- 
bedded within  the  wall  and  thus  no  unsightly  pilasters  or  any 
projections  occur  which  will  allow  lodgment  of  dust,  the  bane 
of  substation  operators. 

The  roof  trusses  are  sui)ported  on  the  upper  ends  of  the 
same  columns  that  hold  the  crane  runway.  As  in  the  previous 
case  book  tile  supported  on  T  irons  and  covered  by  tar  and 
gravel  roofing  are  used  over  the  entire  roof  except  for  the  space 
occupied  by  a  double  slope  puttyless  skylight  eight  feet  wide 
and  running  the  full  length  of  the  building.  This  is  supported 
by  a  steel  curbing  and  is  securely  fastened  and  flashed  all 
around.  All  windows  are  metal  frame  and  wire  glass  and  are 
itperated  by  mechanical  devices  controlling  ilift'erent  panes  in 
l)arallel. 


I^ecause  of  the  various  uses  to  wliich  these  buildings  are  to 
be  put  it  has  been  inadvisable  to  design  them  along  the  same 
lines  and  build  them  witli  the  same  materials.  Each  building  is 
a  study  l)y  itself,  involving  a  l)alancing  between  initial  cost. 
insurance  rate,  and  maintenance  charges.  We  believe  that  we 
have  arrived  at  the  proper  solution  of  the  ecjuation  involving 
these  three  variables. 


PITOT  TUBES  FOR  AIR. 

BY  A.  H.  ANDERSON,  M.  E.* 

The  description  of  a  new  form  of  Pitot  tube  for  measiirinor 
the  flow  of  h)w  pressure  air  in  pipes  and  an  explanation  of  the 
calculations  involved  are  the  subjects  of  this  paper. 

Consider  the  case  of  a  blower  discharging  air  into  the  at- 
mosphere through  a  circular  pipe.  A  tube  "A"  as  in  Fig.  1, 
with  the  nose  pointing  up  stream,  the  upper  end  connected  by 
a  rubber  tube  to  a  U-tube  containing  water,  will  indicate  a 
head  "h"  in  that  U-tube,  which  is  due  partly  to  velocity  (im- 
pact) and  partly  to  static  pressure,  and  it  is  therefore  neces- 
sary to  separate  these  two  heads  in  order  to  determine  the 
velocity. 


Fig.  1. 


Fig.  2. 


Fig.  2  shows  tube  "A"  connected  as  before.  Tube  "B"  is 
connected  to  the  other  leg  of  the  manometer  and  also  to  man- 
ometer "F."  The  nose  of  tube  "B"  is  plugged  and  in  the 
bottom  of  the  horizontal  part  is  a  slit  about  tw(^nty  times  as 
long  as  it  is  Avide,  as  is  shown  at  C. 

A  tube  consrtucted  as  in  "B"  will  not  Ix'  affected  l)y  the 
velocity  of  air  but  will  indicate  the  true  static  pressure.  In 
the  left  leg  of  "E"  the  pressure  is  that  due  to  velocity  plus 
static  pressure,  in  the  right  leg  static  pressure  acts;  the  head 
"h"  is  the  difference  of  velocity  plus  static  minus  static  or 
simply  velocity  pressure.     The  head  "h"  is  the  static  pressure. 

*Clas9  1002.     Instructor  In  Mechanical  Engineering,  Armour  Institute  of  Tech- 
nology. 


246 


THE    ARMOUR    ENGINEER 


[Vol.    1.   No.   2 


Fig.  3  shows  these  two  tubes  combined,  and  also  the  stuffing 
l)ox  for  insertion  into  the  walls  of  a  pipe  so  the  tube  may  be 
slid  up  and  down  and  reading's  taken  at  various  points  in  the 
pipe.  "C"  is  the  open  tube  directed  against  the  current  lead- 
ing to  the  tip  for  rubber  connection  "B."  "E"  is  the  slit 
opening  into  the  annular  space  surrounding  the  inner  tube  and 
terminating  in  the  tip  "G."  ''S"  is  the  wall  of  the  pipe,  "R" 
a  Imshing.  "Q"  the  plug  to  fit  into  it,  and  "0"  a  cap  screwing 
down  on  the  packing  N  to  prevent  leakage.  The  pointer  "T" 
indicjitcs  the  location  of  the  tube. 


■^/^^i"< 


Tihe/ifmoc/r  ^ngtii 


Fig. 


Fig.  4  shows  the  Pitot  tulie  connected  to  the  U-tubes. 
Where  velocities  are  low.  a  manometer  of  the  Eames  draft 
gauge  type  is  used,  as  is  shown  in  the  figure. 

Consider  the  tube  in  Fig.  L  The  impact  of  the  air  will 
sustain  a  column  of  water  in  the  Il-tube  equivalent  to  the  head 
causing  the  velocity.  For  example,  if  the  velocity  of  the  air  is 
20  foot  i)er  second,  the  head  causing  that  flow  is 


H"  = 


(velocity) - 


2  X  32.2 
20  X  20 


=  0.2  ft.  of  air. 
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One  inch  of  water  is  the  equivalent  approximately  of  70 
feet  of  air  and  the  head  of  water  shown  in  the  U-tube  will  be 


6.2 


70 


=  0.09  inches  of  Avater 


However,  in  addition  to  the  impact,  the  static  pressure  will 
act  and  increase  the  head  shown  in  the  U-tube.  Say  this  static 
pressure  is  one  ounce  per  square  inch,  which  is  equivalent 
to  1.73  inches  water,  and  the  actual  reading  in  the  IT-tube  will 
be 

1.73  X  -09  =  1.82  inches  of  water. 

The  head  presented  by  .09  is  called  the  "velocity  head,"  that 
represented  by  1.73  is  the  "static  head."  and  that  represented 
by  1.82  the  "dynamic  head." 

If  now  the  velocity  in  the  pipe  has  a  constant  value  at  all 
points  in  a  section,  it  is  only  necessary  to  note  the  readings  of 
the  U-tubes  "E"  and  "F"  in  Fig.  2;  call  these  "h"  and  "h," 
respectively.  The  velocity  head  in  feet  of  air  is  70h,  and 
the  velocity  is 


V=  >/2gx70  h 

If  the  cross  sectional  area  of  the  pipe  at  the  point  of  measure- 
ment is  S  feet,  then  volume  delivered  per  second  is 

d  X  v  X  S  lbs. 
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Tlic  (h'liainie  head  in  feet  of  air  is 

70(hXhJ. 
and  the  work  done  in  nioviiijo'  the  air  against  the  pressure  li,  is 

dSv  X  70  (h  X  hj)  foot-  pounds  per  seeiuid. 
The  density  of  the  air  in  the  pipe  depends  on  the  statie 
pressure.     For   moderate   pressures  it   may   be   taken    as   .OTli 
pounds  per  eubic  foot.     For  pressures  over  15  inches  of  water 
it  unist  be  eahmlated  in  orch^r  to  avoid  serious  error. 
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Fig.  5. 


The  assumption  that  the  velocity  is  constant  at  all  points 
in  a  section  of  the  pipe  is  not  correct.  The  velocity  is  less  at 
the  walls  of  the  pipe  than  at  the  center,  and  it  is  therefore  nec- 
essary to  determine  the  mean  velocity.  The  following  method 
is  given  by  R.  Burnham  (see  Engineering  News,  Dec.  21,  1905.) 
Place  the  tube  at  the  center  of  the  pipe  and  read  h  and  hj,  then 
place  the  tube  an  inch  nearer  the  upper  wall  and  again  read  h 
and  hi  ;  repeat  for  intervals  of  one  inch  until  the  upper  wall  is 
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reached,  then  proceed  similarly  to  the  lower  wall,  then  hack  to 
the  center.  Four  velocity  heads  "h"  are  noted  at  8  inches  from 
the  center,  two  on  each  side,  etc.  Average  the  four  heads  at 
the  same  distance  from  the  center.  In  Fig.  5  results  are  plotted 
for  a  ten  inch  pipe.  The  radius  is  laid  off  to  scale  on  the  hori- 
zontal axis.  The  velocity  in  feet  per  second  at  one  inch  from 
the  center  is  laid  off  to  scale  on  the  vertical  axis  erected  from  5 
as  OA;  connect  A  and  P  and  note  the  intersection  1^  Next, 
lay  off  the  velocty  at  2  inches  from  the  center  and  lay  it  off  on 
the  perpendicular  erected  from  5  as  OB;  connect  B  and  P  and 
note  the  intersection  2'.  The  other  velocities  are  plotted  sim- 
ilarly and  the  corresponding  p'jints  8\  4:\  etc..  ol^tained.  When 
all  these  points  are  connectecl  with  a  smooth  cur\e  the  area  of 
P,  1^,  2^,  3\  OP,  is  integrated.  Next  construct  a  right  triangle 
having  area  eciual  to  that  under  the  curve,  and  PO  for  its  hase. 
In  Fig.  5  such  a  triangle  has  the  hypotenuse  PM.  The  velocity 
represented  by  0^1  is  the  average  velocity,  and  the  radius  de- 
termined by  dropping  a  perpendicular  from  the  intersection  of 
PM  with  the  curve  is  the  mean  radius,  meaning  that  if  the  tube 
is  placed  ^at  that  radius,  the  head  will  give  the  mean  velocity. 
This  mean  radius  remains  almost  exactly  constant  for  all  ve- 
locities. 

For  approximate  results  the  mean  radius  may  be  taken  as 
.8  of  the  actual  radius  of  the  pipe.  Thus  in  a  ten  inch  pipe  the 
tube  is  placed  4  inches  above  or  below  the  center.  In  a  24  inch 
pipe  the  tube  should  be  placed  9.6  inches  from  the  center.  For 
more  accurate  results  the  mean  radius  should  be  determined. 

Following  are  the  results  from  a  run  made  for  a  circular 
duct  10  inches  iy  diameter,  delivering  air  from  a  blower  into  the 
atmosphere,  from  which  Fig.  5  is  plotted. 
Dis'ce  from  Center,  In.  Yelocitv  Il'd.  In. Water.  Static  11.  In.  W 

0  1.16  0.1 

1  1.17  0.1 

2  1.15  0.1 

3  1.13  0.1 

4  .97  0.1 
41/4  ■  -97  0.1 
41^  .89  0.1 
4%  .57  0.1 

•       41/.  -89  ^-^ 

414  .90  0.1 

4  1.10  0.1 

3  1.19                    '  0.1 

2  1.21  0.1 

1  1-21  0.1 

0  1.21  0.1 

1  1.21  0.1 
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2  1.18  0.1 

3  1.15  0.1 

4  1.09  0.1 
41/4  1.07  0.1 
4i/>  .99  0.1 
4%  .95  0.1 
41/.  .95  0.1  . 
41/4  1.01  0.1 

4  1.03  0.1 

3  1.11  0.1 

2  1.15  0.1 

1  1.17  0.1 

0  1.17  0.1 


Average  Results. 

In.  from  Static  Velocity  Head        Sq.  Root  of  Velocity  in 

Center  Head  In.  Water    Ft.  Air  Ft.  Air  Ft.  per  Sec. 

0  .1  1.18  78.0  8.83  71.0 

1  .1  1.19  78.5  8.85  71.0 

2  .1  1.17  77.3  8.80  70.5 

3  .1  1.14  75.2  8.69  69.5 

4  .1  1.05  69.5  8.32  66.8 
41/  1  1.01  66.5  8.15  65.5 
41/2  1  .94  62.0  7.87  63.0 
434  .1  .78              53.0  7.28  58.3 

In  this  test  the  ratio  l»etween  inches  of  water  and  feet  of 
air  was  66. 


THE    IMPACT    MACHINE    AND    ITS    EQUIPMENT    FOR 
TESTING  DRAFT   GEARS. 

BY    MILTON    C.    SHEDD.* 

Armour  Institute  of  Technology  possesses  the  best  faeili 
ties  in  the  country  for  the  impact  testing  of  car  wheels,  axles, 
brake  gearing,  draft  gears,  or  other  apparatus  which  in  actiuu 
use  are  subjected  to  sudden  shocks  or  collisions.  A  year  ago  a 
fifty-foot  standard  Master  Car  Builder's  Drop  Test  Machine, 
designed  and  built  by  the  Whiting  Foundry  Equipment  Co.. 
was  erected  by  the  shop  force  of  the  Institute  on  Dear- 
born Street.  Views  of  the  machine  are  shown  in  the  accom- 
panying engravings  Pigs.  4,  5.  6  and  7.  The  standards  are 
fifty-five  feet  above  the  foundation  springs,  allowing  for  a  sheer 
drop  of  forty-five  feet.  The  hammer  or  drop,  as  ordinarily 
used,  weighs  1660  pounds,  but  additional  weights  may  be 
added  to  make  it  2000  pounds  in  all.  This  will  give  a  maxi- 
mum force  of  90,000  foot  pounds  of  energy  available  for  test- 
ing purposes.  The  hammer  is  provided  Avith  a  magnetic 
clutch  which  is  automatically  released  by  a  striker  set  at  the  de- 
sired height.  The  power  for  elevating  the  hammer  is  obtained 
from  a  ten  horse-power,  motor  driven  hoist  conveniently 
housed  at  the  side  of  the  machine. 

The  base  of  the  machine  is  a  very  heavy  solid  block  of 
cast  iron,  mounted  on  heavy  coil  springs  which  take  up  the 
shock  of  the  blow.  If  desired,  this  base  may  be  blocked  up  so 
that  there  is  a  solid  impact  transmitted  direct  to  the  six  foot 
concrete  foundation.  Heavy  bolts  through  this  foundation 
hold  the  standards  rigidly  to  it,  but  for  additional  rigidity  gu.v- 
ropes  are  fastened  from  the  top  of  tbe  standards.  A  four-ton 
differential  block  and  chain,  mounted  on  a  movable  arm  from 
the  side  of  the  standards  permits  of  the  easy  placing  of  ap- 
paratus to  be  tested.  Any  size  or  shape  of  apparatus  may  be 
held  in  place  by  a  very  complete  equipment  of  frames  and 
riggings. 

While  an  impact  machine  may  be  used  for  a  variety  of 
tests,  this  one  has  been  especially  equipped  for  testing  draft- 
gears,  which  are  used  behind  couplers  and  bumpers  on  all 
steam  and  electric  cars  to  absorb  the  shock  of  the  two  cars 
coming  together.  A  great  variety  of  these  devices  are  made, 
and  lately,  there  has  been  much  discussion  as  to  'the  relative 
efficiencies  of  the  different  makes.  The  underlying  principle 
of  all  the  gears  is  the  action  of  various  friction  devices,  aided 
to  a  large  extent  by  spiral  or  elliptical  springs.     A  perfect  gear 
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is  one  which  will  ahsorl)  the  entire  shock,  without  transmitting 
any  of  it  into  the  nnderfranie  of  the  car,  and  of  course,  every 
gear  is  perfect  for  a  very  light  blow,  the  efficiency  decreasing 
as  the  blow  becomes  greater.  The  utility  of  the  drop  test  ma- 
chine in  this  kind  of  testing  may  be  illustrated  by  the  fact  that 
a  drop  of  fifteen  feet  with  the  2,000  pound  hammer  produces 
the  same  effect  on  a  gear  as  the  collision  of  an  average  train  of 
cars  running  at  a  speed  of  fifteen  miles  an  hour.  A  drop  of 
twenty  feet  or  more  will  usually  injure  the  gear  or  its  frame. 
The  movement  of  the  gear  is  the  compression  of  its  spring. 
This  is  usually  obtained  to  find  the  limit  of  usefulness  of  the 
gear,  because  Avhen  the  compression  is  a  maximum,  the  gear 
is  solid,  and  the  force  is  transmitted  direct  to  the  underfram- 
ing  of  the  car. 

To  find  the  amount  of  the  force  transmitted  by  a  gear  for 
various  blows,  an  automatic  absorption  dynamometer  was  de- 
signed as  thesis  work  by  the  writer,  and  has  just  been  completed 
in  the  Institute  shops.  A  cross-section  view  of  this  is  showoi 
in  Fig  1.  Its  principle  is  essentially  that  of  the  Miner  Dyna- 
mometer, the  only  other  one  ever  made,  but  its  details  are  quite 
different.  A  removable  eye-bolt  gives  convenience  in  handling. 
The  gear  rests  upon  the  steel  receiving  plunger,  and  the  force 
of  the  blow  causes  a  certain  pressure  to  be  exerted  on  the  water 
or  similar  liquid  which  fills  the  enclosed  cavity  underneath  the 
plunger.  Since  water  is  incompressible  (practically),  the  pres- 
sure wull  be  transmitted  by  the  brass  reducing  plunger  to  the 
low^er  water-filled  cavit.v.  but  at  a  much  reduced  pressure  ow- 
ing to  the  difference  in  area  of  the  two  surfaces  of  this  lower 
plunger.  In  fact,  since  the  diameter  of  the  receiving  plunger 
is  19  inches,  and  the  diameters  of  the  two  surfaces  of  the  re- 
ducing plunger  are  four  and  twelve  inches,  respectively,  then 
a  pressure  of  one  pound  per  square  inch  in  the  lower  cavity 
indicates  a  total  pressure  of  3250  pounds  on  the  receiving  plun- 
ger. The  plungers  have  free  motion  in  their  collars,  good  lub- 
rication being  j)rovided  by  Y-shaped  grease  rings  around  the 
plungers. 

Water  is  supplied  to  the  two  cavities  by  a  pipe  connecting 
with  a  small  tank  placed  some  25  feet  above  the  ground,  thus 
insuring  a  pressure  in  the  dynamometer  sufficient  to  raise  the 
plungers  from  their  seats  and  to  press  the  diaphragms  against 
their  respective  metal  surfaces.  Automatic  check  valves  close 
the  instant  the  pressure  inside  is  raised,  and  practically  no 
water  leaks  past  them.  To  allow  for  sudden  leakage  or  slight 
compressibility  of  the  liquid,  the  plungers  are  designed  to  have 
a  maximum  travel  of  one-eighth  of  an  inch  ;  and  the  diaphragms 
will  not  be  damaged  at  all  if  the  plungers  strike  solidly.  These 
diaphragms  are  of  "spinning  brass,"   spun  to  fit  the  metal 
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surfaces,  and  entirely-  t'lK-lose  the  liquid.  In  ease  they  shoidd 
break,  provision  is  made  for  the  instant  eseape  of  the  liquid 
to  the  outside,  where  its  presence  can  be  easily  noted.  The 
liquid  usually  used  is  water  mixed  with  some  liquid  like  alco- 
hol to  lower  the  freezing  point  and  so  prevent  damage  in  very 
cold  weather. 

The  dynamometer  was  designed  for  a  safe  maxinuim  pres- 
sure, of  2000  pounds  per  scpiare  inch  in  the  upper  water  cham- 
ber, which  would  be  caused  by  a  drop  of  25  feet  on  the  dynamo- 
meter alone.     Care  was  taken  to  have  perfect  castings  and 


On  Dynamometer  /J/one" 
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good  workmanshi])  on  all  the  various  parts,  so  that  if  it  should 
be  necessary',  a  drop  of  50  feet  can  be  made  with  perfect  safety. 
Of  course,  if  the  base  of  the  impact  machine  should  be  blocked 
up  on  its  foundation,  the  actual  depression  of  the  ai)i)ratus 
would  be  very  small,  and  the  pressure  on  the  liciuid  would  be 
enormous  for  large  drops,  according  to  the  principle  that  t  e 
work  stored  in  the  falling  hammer  equals  the  pressure  on  the 
dynamometer  times  the  depression  of  the  same. 

The  lower  reservoir  is  connected  by  means  of  Hexible  pip- 
ing to  the  indicating  device.  This  Avas  designed  by  .Mr.  A.  II. 
Anderson,  Instructor  in  the  Mechanical  Engineering  Depart- 
ment, and  has  been  made  from  an  ordinary  indicator  by  the 
addition  of  a  small  motor  to  provide  continuous  high  speed 
rotation  of  the  drum.  Instead  of  the  usual  indicator  cards, 
paper  cards  prepared  with  certain  chemicals  which  leave  a 
black  mark  when   written   on  with   a  brass  stylus,   are  used. 
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Thus  a  sliarp  brass  point  may  be  used  instead  of  the  usual  pen- 
cil, producing  clear-cut.  accurate  cards.  The  point  is  pressed 
against  the  paper  by  means  of  a  small  solenoid,  which  is  made 
to  act  by  the  closing  and  breaking  of  electrical  connections. 
A  tuning  fork  may  be  attached  to  this  to  trace  its  vibrations  on 
'the  paper,  and  so  indicate  the  time  of  the  action  of  the  spring; 
but  this  knowledge  is  not  of  any  special  I)enefit  in  the  usual 
test. 

To  make  this  solenoid  automatic,  an  adjustable  switch, 
has  been  designed  and  completed.  The  device  is  attached  to  a 
wire  cable  and  may  be  raised  or  lowered  according  to  the 
height  of  the  gear  in  the  machine.  A  striker  on  the  hammer 
designed  for  uniformly  accelerated  motion  strikes  a  hardened 
steel  roller  at  one  end  of  lever  arm.  which  act  causes  connec- 
tion to  be  made  between  two  insulated  contact  knives.  At  the 
same  time,  it  throws  up  a  weight  which  strikes  against  an  ad- 
justable stop  and  falls  back  on  the  lever,  disconnecting  the 
contact  knives.  The  length  of  time  the  point  is  against  the  in- 
dicator card  can  thus  be  nicely  adjusted  by  changing  the 
height  of  the  movable  stop.  The  lever  arm  and  weight  are 
made  of  aluminum  to  make  the  inertia  effect  as  small  as  poss- 
ible. If  made  of  a  heavier  metal,  the  enormous  acceleration  of 
the  falling  weight  would  shear  off  the  lever  before  its  inertia 
of  rest  M'ould  be  overcome. 

Let  us  now  take  up  the  actual  indicator  cards  obtaimd  \)y 
the  above  described  apparatus.  Since  the  dynamometer  and 
the  base  of  the  maehine  are  themselves  mounted  on  springs, 
these  springs  will  absorl)  a  large  amount  of  the  energy  of  the 
drop,  and  this  must  l)e  allowed  for  in  ealculating  the  efficiency 
of  the  gear. 

The  amount  of  energy  absorbed  varies  with  the  height  of 
drop,  and  is  constant  for  every  drop  at  any  height.  Hence  we 
may  determine  the  efficiency  of  the  dynamometer  for  every 
drop,  and  plot  a  standard  calibration  curve  of  it. 

Fig.  2  shoAvs  a  typical  card  from  a  drop  on  the  dynamo- 
meter alone,  and  Fig.  8  shows  a  card  from  the  test  of  a  gear, 
both  cards  being  taken  at  a  five  foot  drop.  The  necessary  data 
for  the  calculations  are  given  with  each  card. 

The  ratio  of  the  movement  of  the  small  piston  in  the 
indicator  to  the  movement  of  the  pencil  point  is  18  to  100.  There- 
fore, for  a  height  of  card  of  one  inch,  the  travel  of  this  piston 
is  0.18  inches.  The  work  done  on  the  indicator  piston  is  the 
product  of  the  mean  pressure  per  square  inch  exerted  against 
it  by  its  area  in  square  inches,  multiplied  by  the  travel  of  the 
piston  in  feet,  whence  the  work  on  the  indicator  piston  equals 
0.18 

54.6  X  V^  X =  --ll  foot  pounds 
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Now  since  1  pound  in  the  indicator  piston  equals  3250  xximids 
pressure  on  the  top  of  the  dynann)meter,  the  total  energy  ah- 
sorhed  by  the  dynamometer  is  .4lX'^2r)0  or  1382.5  foot-pounds. 
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Fig.  4.     View  of  Impact  Maciiiak. 


Tlie  energy  of  the  falling  hammer,  weight  KiOO  pounds,  is 

5  X  1660  or  8300  foot  pounds. 
The  efficiency  of  the  dynamometer,  then,  is 
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8300  —  1832.5 


8300 


=  83.9% 


Fiu.   .').      iMi'ACT   .Ma(  HiXf.     Base  and  Anvil. 

Til    a   like   maimer,    the    combined   efficiency   of   the    gear   and 
dynamometer  is  found  to  l)e  92. IH  per  cent. 

Let  the  efficiency  of  the  gear  alone  be  represented  by  x. 
Then  1  — x  is  the  per  cent,  and  (1  — x)  8300  is  the  energy 
in  foot-pounds  transmitted  to  the  dynamometer  from  the  gear. 
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Also    (1  — .839)  X  (1  — x)  X  8300  is  the  energy  transmitted 

to  the  foundation  by  the  dynamometer.     But  from  the  second 

card  (Fig.  3)  we  find  that  this  energy  is  (1.90  —  .9216)  X  8300. 

Hence    (1  —  .839)  x  (1  —  x)  X  8300  =  (1  —  .9216)  X  8300 

hence  x=  (.161  —  .0784)/.161  =  51.3  per  cent. 


Fig.  G.     Draft  Geah  in  I'i^ce. 


This  simply  means  that  51.3  per  eent  of  the  energy  imparted  to 
the  gear  by  the  failing  weiglit  is  absorbed  in  the  gear.  All 
gears  may  be  compared  on  this  basis.  As  shown  by  the  move- 
ment of  this  gear,  which  had  a  total  compressibility  of  4  inches, 
the  force  of  the  blow  compressed  it  2'/^  divided  by  4  or  72  per 
cent  of  its  maximum  compression. 
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The  card  shows  that  the  pressure  vibrates  above  and  be- 
low the  ordinary  pressure  line,  that  due  to  the  pressure  of  the 
water  in  the  dynamometer  when  at  rest,  and  finally  assumes 
a  new  pressure  line.  This  latter  is  due  to  the  increased  weight 
on  the  receiving  plunger  after  the  blow.  l)efore  the  magnet 
picks  up  the  hammer ;  while  the  former  is  caused  by  the  recoil 
of  the  springs. 


Fig.  7.     Draft  (Iear  after  Destructiox. 

Practically  no  work  has  ever  been  done  except  perhaps  l)y 
the  Ordnance  Department  of  the  Government  in  testing  the 
efiPect  of  impact  on  various  metal  shapes  and  no  work  at  all 
has  been  done  in  testing  draft  gears  on  any  form  of  dynamo- 
meter, so  that  the  drop  test  machine  and  its  equipment  at 
Armour  Institute  of  Technology  offer  a  very  fruitful  field  for 
research  work  of  this  kind. 


A  NEW  METHOD  OF  SUGAR  MANUFACTURE. 

BY    E.    W.    McMULLEN.* 

The  world's  sugar  to-day  is  derived  almost  entirely  from 
the  sugar  cane  or  sug:ar  beet.  The  production  last  year  (from 
Willett  &  Gray's  report)  shows  a  total  of  14,160,00  tons,  of 
which  about  one  half  was  from  l)eets  and  one  half  from  cane. 
Of  this,  the  Tnited  States,  with  Cuba.  Porto  Rico,  Hawaiian 
and  Philippine  Islands,  included,  raised  2,700,000  tons.  This 
country  also  imports  r)00.000  tons,  thus  consuming  3.200,000 
tons  or  nearly  one-fourth  of  the  sugar  produced. 

The  sugar  l)eet  is  a  cultivated  vegetable  which  has  been 
raised  by  scientific  means  from  an  original  sugar  content  of 
about  5  per  cent,  to  as  high  as  18  per  cent.  It  flourishes  best 
in  temperate  climates,  decreasing  in  (juality  with  advance  south- 
w^ard.  For  instance,  Idaho  beets  have  about  18  per  cent,  sugar 
and  85  to  88  per  cent,  purity,  while  Ohio  beets  have  14.5  per 
cent,  sugar  and  from  82  to  84  per  cent.  j)urity.  An  exception  to 
this  rule  exists  in  Colorado  where  18  per  cent,  sugar  is  obtained 
but  the  purity  is  slightly  less  than  in  the  Idaho  beets.  The  Cal- 
ifornia beets  have  a  very  high  sugar  content  l)ut  a  low  purity. 

The  sugar  cane  on  the  contrary  flourishes  l)est  in  the 
tropics.  It  decreases  in  sugar  content  and  purity  as  it  comes 
north,  and  is  impossible  of  growth  where  frosts  are  connnon. 
Tropical  cane  has  a  sugar  content  of  about  18  per  cent,  and  a 
purity  of  85  to  90  per  cent. ;  this  decreases  to  about  12  per  cent, 
sugar  content  and  778  to  84  per  cent  purity  in  Louisiana  and 
similar  districts.  The  cause  of  this  fact  is  that  cane  degenerates 
in  cooler  climates  and  also  that  the  crop  must  ])e  harvested  be- 
fore coming  to  maturity  on  account  danger  from  frost.  In 
such  countries  as  Louisiana,  new  cane  is  jilanted  every  three 
years  because  of  this  degeneration.  The  new  cane  is  imported 
generally  from  the  Demerra  experiment  station  which  has  done 
much  for  good  cane  cultivation. 

The  season  which  the  sugar  l)eet  factories  may  run  is  very 
limited.  The  beets  rii»en  about  Oct.  1st  and  l)egin  to  s])oil  in 
storage  by  Jan.  1st.  Thus  the  outside  limit  of  the  sugar  beet 
campaign  is  100  days.  A  slight  exception  is  true  in  California. 
It  may  be  seen  very  readily  that  this  causes  a  great  waste  of 
time,  nearly  nine  months  per  year,  and  consequently  a  loss  in 
interest  on  investment.  Sugar  cane  is  first  cut  in  September 
in  such  places  as  Louisiana,  and  nnist  be  used  by  the  middle  of 
January  l)ecause  of  danger  from  frost  This  gives  a  season  of 
from  four  to  four  and  a  half  months  at  best.     In  the  tropics, 

*Clasi?   1900.     Chemical   Eugineeriiig.     Armour   Institute   of  Technology. 
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the  cane  may  be  matured  further,  until  November;  and  it  will 
keep  until  the  following  ]\Iay  without  noticeable  deterioration. 
Tt  may  be  cut  whenever  wanted.  This  alloAvs  a  season  of  about 
six  months,  which  is  the  lono-est  sugar  season  obtainable  at  the 
present  time. 

The  preceding  paragraphs  are  a  brief  statement  of  the 
extent  of  the  present  sugar  business,  the  raw  material  from 
which  sugar  is  made,  and  the  important  time  element  entering 
into  the  present  manufacture,  and  will  enable  the  reader  to 
fully  understand  the  changes  introduced  by  the  new  process  I 
Avish  to  describe,  and  the  conclusions  drawn  therefrom.  The 
new  process  in  brief  consists  in  drying  the  sugar  bearing  plant, 
either  the  beet  or  cane,  before  extracting  the  sugar.  There  are 
two  very  self  evident  advantages  to  such  a  process  if  it  be  prop- 
erly carried  out :  first,  the  possiliility  of  working  a  sugar  house 
the  entire  twelve  months  of  the  year  on  the  material  dried  dur- 
ing the  season  :  second,  the  saving  due  to  non-deterioration  of  the 
raw  plant.  At  the  present  time  this  deterioration  amounts  to 
about  ten  per  cent,  on  the  average  beet  campaign ;  and  while 
not  so  mucih  oo  cane,  it  is  still  considerable  in  such  places  as 
Louisiana.  There  are  other  and  much  greater  advantages 
which  will  be  brought  out  in  the  following. 

The  most  important  feature  in  the  process  is  the  machine 
for  drying  the  beets  or  cane,  the  construction  and  application 
of  which  is  the  invention  of  my  father,  Mr.  G.  W.  INIcMuUen. 
This  machine  is  in  a  building  about  60  ft.  long,  20  ft.  high  and 
13  ft.  wide  built  of  concrete.  The  material  to  be  dried  enters 
through  a  hopper  at  tbe  top  and  is  spread  on  the  first  of  a  sys- 
tem of  endless  belts  each  50  ft.  long  and  nearly  the  full  width 
of  the  building.  There  are  twenty  belts  in  the  machine.  The 
material  is  carried  along  the  top  belt,  drops  to  the  second,  is 
carried  back  in  the  reverse  direction,  drops  to  the  third,  and  so 
on  until  the  circuit  of  the  machine  is  completed.  The  speed  of 
the  belt  is  so  arranged  that  the  material  is  dry  when  it  leaves 
the  bottom  belt.  The  heating  inside  the  kiln  is  done  by  steam 
pipes  placed  under  the  top  side  of  each  belt,  which  means  di- 
rectly under  the  load  of  wet  material.  The  dry  preheated  air 
Ayhich  is  admitted  at  different  points  throughout  the  machine 
takes  up  moisture  from  the  hot  material  and  is  drawn  out 
through  air  ducts  by  means  of  a  suction  fan.  The  temperature 
maintained  is  from  170  to  180  degrees  Fahr..  at  which  temper- 
ature no  sugar  will  he  inverted  in  the  time  required  for  drying. 
It  is  this  noninversion  of  sugar  which  is  the  difference  between 
this  and  other  schemes  whicli  have  been  tried. 

The  accompanying  figures  will  give  a  good  idea  of  this  form 
of  dryer.  These  are  taken  from  an  experim>pntal  dryer  erected 
at  the  plant  of  the  Variety  Mfg.  Co.,  Chicago,     It  is  of  similar 
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construction  to  that  described,  excep'  that  the  frame  is  built  of 
structural  steel  instead  of  h?ing  built  into  concrete  walls.  This 
structural  steel  makes  more  expensive  construction  but  was 
necessary  for  the  experimental  plant  as  it  was  not  to  be  located 
permanently.  The  machine  was  simply  erected  on  an  open 
space  and  enclosed  by  double  walls  of  matched  timber,  paper 
lined.  The  figures  Avere  taken  with  one  side  open.  Fig.  1 
shows  the  side  of  the  machine  which  is  forty  feet  long,  with  the 
ten  horse  power  induction  motor  used  to  move  the  belts,  and 
also  the  steam  heating  pipes  and  perforated  suction  ducts  for 
the  heated  air.     The  large  square  pipe  is  t'he  main  air  duct 


Fig.  1. 

which  leads  to  an  exhaust  fan  on  the  floor  above.  Fig.  2  shows 
one  end  and  part  of  the  same  side  of  the  machine;  it  illustrates 
the  gearing  of  the  9  belts  and  the  projection  of  a  belt  to  catch 
the  material  from  the  belt  above.  These  gears  turn  at  6  E.  P. 
M.  and  a  sample  belt  of  similar  wire  netting.  32  gauge  with  12 
meshes  to  the  inch,  shows  no  sign  of  crystallization  after  some 
100.000  turns.  The  belts  are  9  feet  wide.  40  feet  from  center  to 
center  of  shafts,  and  8  inches  from  top  to  l)ottom  of  each  belt. 
This  machine  shows  a  capacity  of  18  tons  of  cane  per  day  which 
is  slightly  under  one  fourth  of  the  capacity  of  the  large  machine 
previously  described. 
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The  beets  to  be  dried  are  sliced  into  eossettes  in  the  ordin- 
ary w-ay;  the  cane  shredded  into  material  resembling  wet  ex- 
celsior. The  shredder  to  do  this  work  is  new  and  was  develop- 
ed and  is  now  used  by  ex-Governor  Warmoth  of  Louisiana  on 
his  plantation.  His  large  shredder  has  a  capacity  of  1.500  tons 
of  cane  per  day.  A  smaller  one  was  built  and  used  with  the 
experimental  machine  described.  The  beet  eossettes  take  from 
2.5  to  3  hours  to  dry  and  the  shredded  cane,  less  than  one  hour 
on  accojint  of  its  fine  subdivision. 

After  drying,  the  material  may  be  made  ready  for  ship- 
ment or  the  sugar  extracted  from  it  on  the  spot.  The  cane  is 
readily  pressed  into  bales  similar  to  the  cotton  bale ;  the  beets 
have  to  be  ground  after  drying  to  put  them  in  the  form  of  a 
course  powder  which  gives  the  best  extraction  and  most  ready 
expression  of  water  from  the  sugarless  pulp.  The  dry  powder 
may  be  shipped  in  bags  or  cars.  The  great  peculiarity  and  ad- 
vantage of  these  dried  materials  is  that  they  carry  only  a  small 
per  cent,  of  moisture,  dried  beets  from  3  to  i  per  cent,  and  dried 
cane  from  5  to  6  per  cent,  and  will  not  absorb  more  from  the 
air.  We  have  had  some  dried  beets  in  the  laboratory  at  Ar- 
mour Institute  of  Technology  for  over  a  year  which  are  as  dry 
as  when  ground.  There  is  absolutely  no  change  or  inversion  of 
any  of  the  contents. 

The  dried  beets  or  cane  may  be  diffused  in  a  manner  simi- 
lar to  that  now  used  with  raw  sugar  beets.  But  with  the  raw 
beets,  hot  water  from  180  to  200  degrees  F..  has  to  be  used ; 
Avith  the  dried  material,  cold  water  is  used.  In  the  experimen- 
tal diffusion  battery  set  up  in  the  Armour  laboratories,  the  city 
water  supply  is  directly  connected  to  the  battery.  In  the 
diffusion  of  raw  beets,  12  cells  in  series  are  used  and  0.3  per 
cent,  sugar  is  left  in  the  pulp ;  with  the  dried  material,  5  cells 
are  used  and  complete  extraction  of  sugar  is  obtained  from 
both  beet  and  cane.  This  loss  of  .3  per  cent,  sugar  in  the 
present  method  means  a  loss  of  27  cents  per  ton  of  beets  or 
from  $12,000  to  $15,000  per  year  in  an  ordinary  beet  factory. 
The  present  method  of  extracting  sugar  from  sugar  cane  is  by 
crushing  the  juice  out  under  heavy  rollers.  The  refuse  is 
washed  with  hot  water  and  crushed  a  second  and  third  time. 
The  sugar  loss  in  the  refuse  or  bagasse  is  from  2.5  to  o.o  per 
cent,  on  an  18  per  cent.  cane,  or  from  14  to  30  per  cent,  of  the 
total  sugar.  (Xewland's  Sugar  Handbook,  1909.)  Thus  the 
average  loss  of  sugar  is  above  4  tons  on  100  tons  of  cane  or 
$2.00  per  ton  of  cane.  When  we  think  of  the  60,000,000  tons 
of  cane  raised  yearly,  we  must  see  that  about  $120,000,000  are 
being  thrown  into  the  rivers  or  burned  up  under  the  boilers. 
This  baggasse  is  usually  liurned  under  the  boilers;  it  is  quite 
wet  and  has  a  poor  fuel  value,  about  one  third  that  of  coal.  As 
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will  ho  .seen  later,  the  cane  ii')ei'  as  recovered  hy  the  new  pro- 
cess is  worth  ahove  $40  per  t m.  Thus  $120  worth  of  li'oiM-  is 
burned  to  get  the  equivalent  of  one  ton  of  coal. 

There  have  been  many  attempts  to  diffuse  raw  cane.  The 
only  successful  one  is  that  of  ex-Governor  Warmoth  of  Louisi- 
ana whose  shredder  was  previously  mentioned.  Cane  is  shred- 
ded in  the  manner  described  and  diflt'uses  with  very  hot  water, 
up  to  200  degrees  F.  A  very  lean  .juice  is  ol)tained.  ten  degrees 
Brix,  in  twelve  cells  and  a  very  low  purity.  78  to  80  per  cent. 
The  refuse  is  so  wet  that  it  Avill  not  burn  so  it  is  pumped  into 
the  Mississippi  River  at  the  rate  of  $3,000  worth  per  day.  C-ane 
from  that  localitv  dried  in  the  maimer  descrilied  e'ave  in  four 


Fig.  2 
cells  a  juice  of  20  degrees  Brix  and  84  per  cent  pui'ity  and 
complete  extraction  when  carried  on  to  the  tifth  cell,  as  there 
was  not  enough  sample  to  till  five  cells  The  density  of  the 
juice  from  the  squeezing  of  the  cane  depends  upon  the  amount 
of  washing,  and  is  from  ten  to  sixteen  degrees  Brix,  the  latter 
percentage  being  only  obtained  w^hen  a  large  amount  of  sugar 
is  left  in  the  bagasse.  From  the  dried  cane,  juice  above  twenty 
degrees  Brix  is  readily  obtained.  Above  twenty-five  degrees 
it  is  very  difficult  to  purify.  The  juice  from  the  raw  beet  dif- 
fusion is  from  twelve  to  fifteen  degrees  Brix  while  from  the 
dried  l)eets  it  is  a  high  as  can  bo  handled,  thirty-four  degrees 
lias  been  obtained,  and  shows  a  eonsistant  increase  of  purity  of 
two  to  three  per  cent,  over  the  hot  water  diffusion. 
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There  is  of  course  a  good  reason  for  this  differeiK-e  in  dif- 
fusion. In  the  raw  beets  or  cane,  diffusion  is  due  to  the  osmotic 
pressure  of  the  sugar  solution  contained  in  the  plant  cells,  since 
the  walls  of  these  cells  act  as  the  semi  permeable  membrane. 
Some  of  these  cells  are  cut  in  the  slicing  and  the  juice  in  these 
is  readily  dissolved,  but  the  majority  are  not  cut  and  so  theo- 
reticalh'  it  would  take  an  indefinite  amount  of  w^ater  to  get 
complete  extraction  from  the  raw  plants.  As  osmotic  pressure 
increases  with  the  temperature,  hot  water  is  used  and  hence 
many  impurities  go  into  the  juice  which  are  not  soluble  in 
cold  water.  Tn  the  process  of  drying  the  cell  walls  break  down 
along  with  the  escape  of  water,  and  hence  the  process  is  no 
longer  diffusion  in  the  true  sense  but  merely  solution.  This 
then  is  the  reason  that  cold  water  may  be  used  with  dried  ma- 
terial and  that  absolutely  complete  extraction  is  obtained  with 
so  little  water. 

The  residue  from  the  dried  beets  is  a  pulp  from  which  70 
per  cent,  of  the  water  is  easily  removed  by  drying  because  the 
cells  are  now  liroken  down.  This  dried  pulp  containing  9.5  per 
cent,  protein,  may  be  mixed  with  the  molasses  in  the  propor- 
tions in  which  they  are  formed.  The  combination  forms  a  very 
fine  food  worth  about  $25  per  ton.  The  following  average  analy- 
sis of  tropical  sugar  cane  is  taken  from  Xewland's  IIandl)ook  <>f 
Sugar : 

Water    71.047r< 

Saccharine    18.02 

Cellulose  9.56 

Albumenoids  and  Mineral  Ash 1.38 

It  is  readily  seen  that  when  the  water  and  sugar  are  re- 
moved with  about  one  per  cent,  of  other  impurities,  a  very  pure 
cellulose  is  left.  In  this  form  with  the  cells  broken  down.  75 
to  80  per  cent,  of  the  water  may  be  removed  by  squeezing,  and 
the  rest  evaporated  or  left  in  according  to  freight  rates.  There 
is  no  deterioation  of  the  cellulose  since  all  the  sugar  has  been 
removed  and  there  is  scarcely  a  noticeable  odor  after  keeping 
several  months  in  this  damp  stae.  This  cellulose  fornis  a  very 
valuable  paper  stock  for  which  there  is  unlimited  market  at  the 
present  time  The  pure  fiber  is  worth  over  $50  per  ton  on  a 
rising  market,  so  that  the  entire  residue  may  be  placed  at  well 
over  $40  per  ton  in  unlimited  quantities. 

The  juices  from  both  dried  cane  and  l)eet  solution  may  be 
carbonated,  filtered,  evaporated,  and  centrifuged  in  the  ordinary 
manner ;  the  only  difference  being  a  great  saving  in  the  evapora- 
tion necessary.  To  install  the  new  proce.ss  in  a  sugar  house  no 
new  machinery  is  necessary  and  the  old  machinery  will  show 
a  much  greater  capacity  than  formerly.     ^Most  sugar  houses 
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have  beets  .shipped  in  from  some  distance  so  that  if  drying  is 
done  at  the  farms  as  is  planned  the  saving  of  freight  wouhl 
nearly  pay  for  the  drying.  Of  course  this  would  not  hold  good 
for  cane  plantations  where  the  entire  supply  is  grown  near  the 
sugar  house. 

Beet  Sugar : 

The  average  beet  sugar  factory  cuts  from  500  to  700  tons 
daily  with  an  average  season  of  from  75  to  85  days  Its  cost 
approximates  $1,000  for  each  ton  of  beets  cut  daily  or  for  such 
a  factory  about  $500,000.  The  deterioration,  taxes,  insurance, 
and  interest  charges  amount  to  at  least  12  ppr  cent,  annually  or 
on  such  a  factory  $72.00  per  year.  Its  season's  cut  will  l)e 
about  50.000  tons  so  that  this  charge  will  be  $1.44  per  ton  of 
beets  cut.  There  is  also  in  every  beet  factory  running  the  seas- 
on a  deterioration  of  at  least  ten  per  cent,  on  the  beets  due  to 
spoiling,  frost,  etc.  This  amounts  to  55  cents  on  one  ton  of 
average  beets  costing  $5.50.  The  sugar  wasted  in  pnlp  is  equal 
to  0.3  per  cent  or  27  cents  on  a  ton  of  beets.  This  makes  the 
total  cost  outside  of  the  actual  retining,  $2.26  per  ton  of  beets 
cut. 

By  the  new  method  running  the  plant  the  entire  year, 200,- 
000  tons  could  be  treated  in  the  same  factory  that  now  treats 
50,000  tons,  so  that  the  interest  charge  of  $1.44  would  become 
$0.36  per  ton.  The  deterioration  and  waste  of  sugar  in  the  pnlp 
would  be  eliminated.  The  outlay  for  the  dryers  to  handle  the 
200,000  tons  in  the  available  season  would  be  about  $420,000. 
Assume  interest  charges  12  per  cent,  as  before,  or  $50,000  or  25 
cents  per  ton  of  beets. 

The  cost  of  drying  above  present  handling  is  about  50  cents 
per  ton  of  beets,  against  which  there  is  the  saving  in  evapora- 
tion. Assume  a  25  degree  Rrix  juice  by  the  new  method  as 
against  a  12.5  degree  juice  by  the  old.  The  saving  in  evapora- 
tion is  equal  to  4-7  or  57.1  per  cent.  Assuming  80  lbs.  of  water 
evaporated  for  12.5  lbs.  of  sugar  by  the  old  method,  this  means 
a  saving  in  evaporation  of  46  lbs  of  water  by  the  new  method. 
Assuming  250  lbs.  of  sugar  per  ton  of  beets,  this  means  920  lbs. 
of  water  at  a  cost  of  about  20  cents.  This  gives  a  total  cost 
outside  of  the  refining  for  the  new  method  of 
35+25+50x20=91  cents  per  ton. 

The  gain  by  the  new  method  is  therefore  equal  to  $2.26 
minus  $0.91  equal  to  $1.35  per  ton.  The  pulp  from  the  dried  and 
ground  beets  with  the  molasses  added  will  be  ten  per  cent  on 
the  original  beet.  The  cattle  food  made  is  worth  $25  per  ton 
or  $250  per  ton  of  beets.  The  molasses  now  brings  $9.00  per 
ton  of  beets.  This  leaves  $2.05  profit  on  the  pulp  against  which 
is  the  cost  of  preparation,  about  12  cents  per  ton  of  beets.    Some 
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new  factories  now  dry  tlieir  pulp  but  the  process  is  expensive 
due  to  the  high  water  content  and  cellular  structure  of  the  pulp. 
We  will  allow  $0.15  per  ton  on  the  beets  for  the  present  profit 
in  the  pulp  which  is  more  than  is  generally  obtained.  This 
leaves  $1,778  per  ton  of  beets,  add  to  this  the  ii^l.85  previously 
obtained  and  Ave  have  $3.13,  the  net  profit  per  ton  of  beets  of  the 
new  method  aginst  the  old.  It  takes  slightly  over  8  tons  of 
beets  to  make  one  ton  of  sugar,  so  that  the  net  gain  will  be 
$3.13  or  $25.04  per  ton  of  sugar,  or  1.25  cents  per  lb.  of  sugar. 

Cane  sugar : 

The  great  saving  on  cane  sugar  consists  in  utilizing  mater- 
ials that  are  now  wasted.  The  extension  of  season  is  from  six 
to  twelve  months,  but  as  the  plants  cost  much  less  per  ton  cut 
than  do  beet  plants,  and  coal  costs  more,  this  saving  may  be  neg- 
lected. The  present  method  recovers  from  66  to  Siy  per  cent,  of 
the  saccharine  matte,  the  new  method  100  per  cent.,  or  an  aver- 
age saving  of  25  per  cent,  of  sugar.  On  an  eighteen  per  cent, 
cane,  this  means  90  lbs.  of  sugar  per  ton  worth  2i/4  cents  per 
poaiiid  in  ('uba.  or  $2.00  per  ton  of  cane.  The  recovered  fiber 
amounts  to  SS^  per  cent,  or  170  lbs.  per  ton  of  cane.  At  $40  per 
ton,  it  would  bring  in  $3.40  per  ton  of  cane.  At  present  it  is 
wort/h  $2.00  per  ton  as  fuel,  or  17  cents  per  ton  of  cane.  This 
leaves  $3.23  net  return  from  the  fiber.  The  dryers  for  cane  do 
t"\vice  as  much  per  day  as  do  beet  dryers  and  have  twice  the 
length  of  season.  Hence  the  interest  charge  will  be  i/i  fhat  for 
beets  or  614  cents  per  ton  of  cane.  Owing  to  the  higher  price 
of  coal  in  the  tropics,  the  cost  of  drying  cane  would  be  nearly 
as  much  per  ton  as  beets,  say  fifty  cents  per  ton.  The  saving 
in  evaporation  would  be  the  same  as  for  beets  equal  to  20  cents 
per  ton.  Summing  up.  the  net  saving  will  be  as  follows : 
$2.004-3.23— .0625— .50+. 20=$4.86  per  ton. 

It  takes  seven  tons  of  cane  to  make  one  ton  of  sugar,  so  that 
the  saving  per  ton  of  sugar  is  equal  to  7x$4.86  or  $34.02.  This 
is  1.7  cents  per  lb.  or  75  per  cent,  of  its  present  cost  in  rul)a. 
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A  Paper  Before  the  Members  of  the  Armour  Civil  Engineering 

Society,  Armour  Institute  of  Technology, 

Chicago,  111.,  Nov.  17,  1908. 


BY  ERNEST  McCULLOUGH.* 
Thi.s  paper  will  deal  with  some  practical  things  not  men- 
tioned in  the  current  treatises  on  reinforced  concrete  design. 
At  present  there  is  much  of  a  sameness  in  the  books.  They  all 
reprint  reports  of  tests  that  have  been  distributed  free  by  the 
institutions  and  societies  issuing  them.  They  also  print  ex- 
tracts from  the  technical  papers  of  work  done  in  this  material 
and  all  the  books  print  practically  the  same  descriptions  be- 
cause they  are  abstracted  from  the  same  papers.  They  all  go 
heavily  into  the  qualities  desirable  in  the  aggregate  and  often 
they  go  in  much  too  fine  a  manner  into  the  mixing  and  propor- 
tioning, for  it  happens  in  actual  work  Ave  have  to  use  what  we 
can  get  and  do  the  best  possible  with  it.  All  the  l)ooks  then 
treat  in  a  more  or  less  complete  manner  with  the  mechanics  of 
reinforced  concrete  construction  and  the}'  are  done. 

Now  it  happens  that  an  item  often  mentioned  in  specifica- 
tions is  that  of  deflection  and  none  of  the  standard  books  say 
one  word  on  the  subject.  There  are  a  great  many  engineers 
and  architects  turning  out  plans  for  reinforced  concrete  struc- 
tures and  they  have  a  number  of  different  methods  of  designing, 
yet  the  books  do  not  take  any  notice  of  the  as.sumptions  made 
by  designers ;  and  the  student  when  he  goes  out  into  offices  to 
work  is  at  sea  regarding  many  important  details.  Therefore 
in  this  paper  it  is  my  intention  to  confine  myself  to  these  lit- 
tle practical  points  that  l)other  a  young  man  when  he  leaves 
school  and  goes  out  as  a  reinforced  concrete  engineer.  Be- 
cause the  student  has  to  learn  these  things  after  long  exper- 
ience, it  is  safe  to  say  that  ninety-five  per  cent  of  the  buildings 
erected  today  in  reinforced  concrete  have  the  benefit  of  the 
salesman  of  reinforcing  material  in  mind  rather  than  any  bene- 
fit to  the  OAvner. 

Owners  today  want  reinforced  concrete  buildings  because 
of  their  many  good  (pialities,  chief  of  which  is  the  lessening 
of  the  cost  of  insurance.  We  therefore  see  many  sets  of  specifi- 
cations coming  from  the  offices  of  men  who  knoAv  little  or 
nothing  about  the  work  but  who  try  to  do  the  best  they  can 
uiuler  the  circumstances.  The  obvious  thing  for  an  architect 
to  do  is  to  have  .sonu^  manufacturer  of  reinforcing  material 
prepare  his  detail  drawings,  trying  in  some  way  to  protect  tlie 
owner  by  specifying  tilings  he  lielieves  are  right. 

♦Chief  Engineer,  Northwestern  Expanded  Metal  Company,  Chicago,  IlHnois. 
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It  is  citiimion  therefore  to  see  rigid  specifications  for  de- 
flection. That  is  the  architect  believes  them  to  be  rigid,  where- 
as the  manner  of  Avording  the  deflection  clause  shows  the  rein- 
forced concrete  designer  that  he  has  here  some  one  easy  with 
whom  to  deal. 

It  happens  that  a  deflection  of  1/360  of  the  span  will  not 
crack  plastering  so  that  very  often  we  see  a  clau.se  to  the  effect 
that  the  deflection  under  test  load  must  not  exceed  1/360  of  the 
span.  From  this  amount  it  ranges  to  1/1500  of  the  span.  It 
is  pretty  safe  to  say  it  is  all  guess  work  after  all. 

Now  as  it  happens  this  matter  of  deflection  is  one  not  yet 
settled  and  one  that  experimenters  have  apparently  considered 
as  hardly  worth  notice.  When  a  specification  comes  in  settling 
the  amount  of  allowable  deflection  we  have  lo  be  pretty  careful 
in  our  designing  for  we  only  know  in  a  general  way  that  the 
deflection  of  a  reinforced  concrete  beam  is  about  one-third  that 
of  a  steel  beam  of  equal  strength  and  that  a  deflection  that  will 
crack  the  plaster  on  the  under  part  of  a  beam  or  .slab  will  un- 
doubtedly be  enough  to  permanently  injure  it.  The  plastic 
limit  of  the  steel  will  have  been  long  passed  and  the  concrete 
Avill  be  on  the  verge  of  failure. 

Some  architects  go  even  farther  however  and  call  for  loads 
that  will  destroy  the  slab.  Here  is  a  copy  of  a  specification 
that  came  into  our  hands  one  day  lately: 

"Before  wood  top  fioors  are  put  on.  the  rein- 
forced concrete  fioors  must  be  subjected  to  a  test, 
in  the  presence  of  the  Superintendent.  This  test 
will  be  made  by  the  Contractor  and  will  consist  of 
loading  any.  or  all,  parts  of  the  fioors.  as  the  ISu])er- 
intendent  may  designate,  with  a  dead  load  of  Three 
Hundred  and'  Fifty  (350)  pounds  per  square  foot. 
When  this  test  is  applied,  should  any  part  of  the  re- 
inforcing system  fail,  crack,  sag.  or  unduly  defiect. 
the  entire  sy.stcm  will  be  rejected  and  the  Contractor 
required  to  take  out  the  entire  sy.stem  and  rebnild 
until  a  satisfactory  test  is  had." 

The  foregoing  specifications  were  for  a  school  lii)ns(\  A 
dead  load  of  forty  pounds,  a  proper  test  load  AA'ould  have  been 
twice  the  live  load  plus  once  the  dead  load,  or  two  hundred 
pounds  per  square  foot.  Such  a  test  load  should  have  stressed 
the  steel  to  not  more  than  ninety  per  cent  of  the  elastic  limit 
and  the  concrete  to  not  more  than  three-fourths  its  ultimate 
strength. 
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Tlie  test  load  called  for  should  have  been  sufficient,  under 
many  systems  of  designing,  to  have  brought  the  floors  to  the 
verge  of  failure  and  yet  the  deflection  would  not  have  been 
sufficient  to  have  cracked  the  plaster.  Notice  also  how  in- 
definite are  the  provisions.  If  the  floor  deflects  unduly  then 
the  contractor  must  take  it  out.  Suppose  the  architect  when 
he  drew  those  specifications  had  in  mind  a  deflection  of  about 
.1/400  the  span.  Suppose  that  some  reinforcing  company  had 
prepared  plans  for  the  contractor  for  nothing  and  had  figured 
his  sections  so  light  that  a  deflection  of  about  this  amount 
would  be  secured.  Suppose  that  in  the  meantime  before  the 
test  is  made  that  the  architect  had  been  informed  by  a  disap- 
pointed Indder  as  to  what  he  should  expect  and  then  imagine 
the  result  when  the  contractor  has  to  take  out  the  floors  and 
rebuild  them  because  of  excessive  deflection  under  test  load. 
Being  an  engineer  for  a  reinforcing  company  and  having 
many  designs  coming  into  the  office  it  has  been  a  matter  of  in- 
terest to  me  to  draw  out  some  of  the  men  whose  plans  were 
sent  to  our  office.  Whenever  a  set  of  specifications  came  in 
with  a  deflection  clause  we  wrote  to  the  architect  asking  for 
the  formula  by  which  he  computed  the  allowable  deflection. 
We  told  him  that  this  was  one  of  the  unsettled  points  in  re- 
inforced concrete  design  and  therefore  wanted  to  know  his 
method  of  figuring  the  matter  in  order  that  we  could  design 
to  meet  his  requirements.  The  majority  of  the  men  never  re- 
plied to  our  letters.  A  few  however  wrote  and  told  us  that 
they  knew  nothing  aI)out  it  and  had  supposed  the  deflection 
for  a  steel  beam  should  be  about  right. 

Wlien  you  get  your  reference  books  into  your  hands  again 
just  look  this  matter  up.  We  plotted  the  results  of  all  pub- 
lished tests  and  tried  to  obt<iin  a  good  formula  but  the  results 
were  too  discordant.  The  subject  of  deflections  seemingly  did 
not  interest  American  experimenters.  European  experimenters 
did  pay  attention  to  this  matter  and  it  is  easier  to  Avork  after 
them.  Professor  ^Maurer  of  Wisconsin  State  University  per- 
mitted me  to  copy  a  deflection  formula  he  has  lately  developed 
as  a  result  of  his  study  of  Eurc^pean  beam  tests  l)'ut  I  do  not 
feel  at  liberty  to  give  it  here  without  his  permission.  It  agrees 
very  closely  with  loads  up  to  one  third  the  ultimate  and  should 
be  extremely  useful  when  he  has  finished  working  on  it. 

The  only  other  guide  we  have  is  a  formula  proposed  by 
^Ir.  Eli  White  in  The  Engineering  Record  for  Nov.  9.  1907. 
so  you  see  the  subject  of  deflections  is  quite  a  recent  one. 

Mr.  White  first  ascertains  the  position  of  the  neutral  axis 
and  considers  it  as  midway  between  the  actual  reinforcement 
in  the  bottom  of  the  beam  and  an  equal  amount  of  imaginary 
reinforcement  above,  and  wholly  outside  the  beam.  The  full 
discussion  is  to  be  found  in  the  paper  mentioned.     After  all 
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the  transformations  and  substitutions  rendered  necessary  U 
get  it  into  agreement  with  ordinary  deflection  formulas,  wc 
finally  obtain  : 

f\- 

Deflection  in  inches= 

M  (d-k)x  1,000.000 
in  which     f    =  fiber  stress  in  the  steel  under  assumed  loading. 
1    =  span  in  inches, 
d  =  effective  depth  from  top  of  b:^am  to  center  of 

steel, 
k  =  depth  of  neutral  axis  from  top  of  beam. 
M=  multiplier   =    288   for   uniformly    distributed 
load  on  beam  freely  supported  at 
both  ends. 
=  384  for  partially  constrained  beam. 
rr=  480  for  tied  or  constrained  beam. 
This  methwd  is  only  closely  approximate  and  gives  a  de- 
flection somewhat  in  excess  of  the  actual  deflection  under  load. 
When  the  specifications  call  for  a  test  load  and  a  certain  de- 
flection under  the  load  it  would  be  well  to  find  the  steel  stress 
under  the  test  load  and  then  use  this  formula  in  order  to  know 
in  advance  what  to  expect. 

An  architect  has  a  perfect  right  to  call  for  a  deflectioi] 
not  exceeding  1/1000  of  the  span  under  a  test  load  consisting 
of  twice  the  live  load  plus  once  the  dead  load,  thus  securing 
as  an  actual  test  load  twice  the  estimated  load  the  slab  or  beam 
will  ever  be  called  upon  to  carry. 

Testing  my  designs  by  the  above  formula  we  found  in 
three  instances  that  the  deflection  limit  set.  called  for  much 
more  steel  than  was  really  required  and  on  taking  the  matter 
up  with  the  men  for  Avhom  the  plans  were  wanted  they  readily 
agreed  to  leave  out  the  test  load  and  omit  the  deflectit)n  clause 
provided  we  gave  them  the  detailed  calculations  for  the  work 
and  took  our  oath  that  they  were  actually  the  calculations  for 
the  structure  and  referred  them  to  books  where  the  formulas 
could  be  found. 

Yet  with  a  proper  check  upon  design,  such  as  is  given  by 
an  intelligent  requirement  for  deflection,  it  may  be  possible 
to  give  a  much  better  shape  to  a  beam  than  would  be  given 
under  the  ordinary  rush  conditions  existing  in  a  competitive 
designing  office. 

Another  thing  found  in  specifications  is  a  factor  of  safety 
clause.  It  is  easv  to  w-rite  that  the  work  as  designed  shall  have 
a  factor  of  safety  of  four  and  this  requirement  is  common. 
Nine  times  out  of  ten  we  find  that  the  man  who  prepan-d  the 
specifications  meant  that  the  floor  should  be  able  to  carry  four 
times  the  specified  live  load. 
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To  au  engineer  a  factor  of  safety  implies  the  quotient  ol)- 
tained  by  dividing  the  ultimate  strength  of  the  material  l)y  the 
fiber  stress  allowed.  That  is  to  say,  if  the  steel  has  an  ultimate 
strength  of  64,000  lbs.  per  sq.  in.  in  tension  we  have  a  factor 
of  safety  of  four  when  we  stress  it  only  16.000  lbs.  per  sq.  in. 
The  man  who  prepares  the  specifications  will  tell  you  he  means 
just  that  also,  but  if  you  put  up  to  him  a  floor  weighing  150 
lbs.  per  sq.  ft.  to  carry  a  live  load  of  100  lbs.  he  will  begin 
to  hedge.  Assuming  a  dead  load  of  150  lbs.  and  a  superimposed 
safe  load  (live  load)  of  100  lbs.,  the  total  is  250  ll)s.  per  sq.  ft. 
and  four  times  this  is  1.000  lbs.  The  man  w%o  prepares  the 
specifications  will  l)e  perfectly  satisfied  if  the  floor  can  carry 
an  ultimate  (breaking)  load  of  once  the  dead  load  plus  four 
times  the  live  load,  or  a  total  of  550  lbs.  per  sq.  ft.  "Sluah  of 
the  designing  done  today  does  not  take  into  consideration  the 
disproportion  of  dead  to  live  load  in  reinforced  concrete  struc- 
tures and  happenings  such  as  that  just  mentioned  are  common. 
T  have  stated  that  ninety-five  per  cent  of  the  buildings  de- 
signetl  in  reinforced  concrete  today  have  been  designed  with 
the  benefit  of  the  manufacturer  of  reinforcing  material  in 
mind  rather  than  with  the  benefit  to  the  owner  as  a  paramount 
consideration.  It  may  not  just  now  be  known,  but  not  five  per 
cent  of  the  reinforced  concrete  buildings  are  designed  in  the 
offices  of  the  men  whose  names  appear  upon  the  plans  and 
drawings.  One  reason  is  that  the  average  architect  does  not 
have  calls  enough  for  this  class  of  structure  and  therefore 
does  not  attempt  to  design  the  reinforced  concrete  work.  He 
simply  nuikes  the  plans  for  the  buildings  and  prepares  the 
specifications.  Then  either  has  some  reinforcing  company  pre- 
pare the  plans  for  nothing  or  draws  the  specifications  so  that 
all  systems  have  a  show  and  the  contractors  have  the  plans 
prepared  by  the  compunies  from  whom  the  reinforcement  is 
purchased. 

Another  reason  is  that  very  many  men  Avhile  presumably 
competent  do  not  care  to  waste  their  time,  for  they  feel  that 
some  salesman  representing  some  special  system  of  reinforce- 
ment will  try  to  make  the  owner  switch  over  from  the  plans 
prepared  by  the  architect.  A  third  reason  is  that  the  wise 
architect  considers  himself  in  pocket  if  he  leaves  the  designing 
to  the  numerous  companies  so  ready  to  do  the  work  at  no 
cost  to  him  or  the  ownei*.  in  the  hope  of  selling  their  material. 
Therefore  it  is  customary  to  have  a  clause  in  the  specifications 
to  the  effect  that: 

"Contractors  bidding  on  the  reinforcement  will 
be  permitted  to  bid  on  any  system  desired  and  must 
submit  with  their  l)ids  full  drawings  and  computa- 
tions in  order  that  the  architect  may  check  the 
work,  etc.,  etc." 
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Then  follows  a  few  little  things  to  guide  the  designers. 
It  happens  very  often  that  the  specifications  do  guide  some  of 
the  designers  so  they  know  the  man  with  whom  they  have  to 
deal  can  be  given  anything  they  feel  like  giving  him.  It  is 
seldom  we  get  in  a  set  of  specifications  that  indicates  much 
intelligence  on  the  part  of  the  writer  so  far  as  they  relate  to 
reinforced  concrete.  Occasionally  some  specifications  come  in 
that  show  the  man  who  prepared  them  was  thoroughly  up  to 
date  but  such  a  man  generally  has  his  plans  fully  drawn  and 
no  good  changes  can  be  made.  It  is  seldom  that  any  special 
system  of  reinforcement  gets  in  on  such  a  man's  work  for  his 
o\vn  design  is  usually  as  economical  as  any  that  any  contractor 
can  obtain. 

Generally  however  the  architect  simply  prepares  the  plans 
of  the  building  and  everj-thing  connected  with  it  except  the 
reinforced  concrete  work  and  permits  contractors  to  submit 
plans  of  their  own  for  that.  These  plans  are  obtained  by  the 
contractors  sending  blue  prints  to  reinforcing  companies  and 
asking  them  to  submit  bids  for  the  reinforcement  together 
with  blue  prints  showing  how  they  propose  to  do  it.  The  time 
given  the  reinforcing  company  in  which  to  do  the  designing 
is  usually  from  one  to  three  days,  the  latter  being  quite  a  liberal 
time  and  the  engineers  who  have  the  designing  to  do  feel  quite 
grateful  to  a  contractor  who  will  permit  them  to  work  three 
davs  on  the  designs.  By  days  we  mean  days  of  about  eighteen 
to  ^twenty  hours  each.  '  We  have  worked  three  days  on  plans 
that  should  properly  have  taken  three  weeks  time.  It  is  hard- 
Iv  to  be  expected  that  niceties  of  detail  can  be  indulged  very 
much  under  the  circumstances ;  but  every  engineer  remembers 
that  each  of  his  competitors  is  also  at  work,  so  he  must  design 
as  economically  as  possible  if  his  employer  is  to  get  the  work. 
If  he  forgets  to  multiply  by  two  or  three  his  firm  of  course 
stands  a  better  chance  to  secure  the  job  but  it  means  many 
weary  achv  hours  of  skinning  afterwards  so  there  will  be  no 
loss,  and  so  that  the  architect  will  not  discover  any  great  dis- 
crepancy between  the  preliminary  plans  and  the  final  draw- 
ings. 

It  is  a  miserable  system  but  there  is  no  hope  of  getting 
away  from  it.  The  only  thing  we  can  do  is  to  teach  men  how 
to  write  proper  specifications  so  the  owner  will  be  protected 
and  so  honest  manufacturers  will  be  protected  against  men 
who  will  skin  to  save  a  dollar;  no  even  to  save  a  dime.  On 
this  account  every  firm  has  tables  and  diagrams  to  shorten 
labor  and  make  the  designing  as  nearly  mechanical  as  possi- 
ble.    After  all  it  is  merely  clerical  work  when  one  comes  to 

think  of  it.  -n     .■  ^i    *. 

Before  I  finish  I  will  give  you  some  specifications  so  that 
the  man  using  them  should  come  somewhere  near  to  obtaining 
uniformity  of  design  in  plans  he  sends  out  for  competitive 
bidding. 
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I  propose  to  take  up  a  typical  building  floor  and  to  go 
through  it  in  several  ways  to  show  how  different  designers 
will  tackle  the  work  and  thus  show  how  an  architect  can  easily 
be  puzzled  to  select  a  system  and  at  the  same  time  avoid  being 
charged  by  the  owner  as  having  been  bought  up.  in  case 
he  selects  a  system  that  is  not  the  lowest  in  cost.  It  nearly  all 
hinges  on  the  prooprtion  of  dead  to  live  load  and  on  the  mean- 
ing of  the  term  "factor  of  safety." 

The  floor  selected  is  to  be  one  hundred  feet  long  and  fifty 
feet  wide.  The  owner  is  prejudiced  against  tile  and  will  not 
permit  its  use,  even  in  combination  with  reinforced  concerte, 
thus  not  allowing  any  lessening  of  dead  load,  such  as  is  ef- 
fected by  tile  when  set  in  floors  of  ribbed  design.  The  owner 
has  been  talked  into  the  use  of  long  spans  but  he  does  not 
realize  how  much  this  means  in  the  item  of  increased  weight, 
which  means  larger  columns  and  heavier  foundations  as  well 
as  larger  beams  and  girders.  This  also  means  that  the  steel 
and  concrete  are  unduly  stressed  carrying  their  own  weight. 

The  specifications  fix  the  live  load  (safe  superimposed 
load)  at  one  hundred  pounds  per  square  foot.  It  is  also  stated 
that  the  factor  of  safety  shall  be  four.  Nothing  is  said  about 
the  fiber  stress  in  the  materials.  The  blue  prints  of  the  build- 
ing together  with  the  specifications  go  into  the  hands  of  the 
contractors  and  six  companies  get  an  opportunity  to  l)id  on 
the  reinforcing  material.  As  the  architect  has  spaced  his  col- 
umns 16  ft.  4  in.  on  centers  and  will  permit  only  two  girders 
lengthwise  of  the  building  and  will  not  permit  any  beams,  it 
is  necessary  to  make  slabs  from  side  to  side. 

The  conditions  are  such  that  we  should  really  use  for 
l)ending  moment  wY'/li)  tor  the  two  outside  spans  and  perhaps 
wl-/10  for  the  inside  span.  However  all  the  designers  know 
that  each  of  the  others  is  going  to  figure  as  small  a  bending 
moment  as  possible  so  all  will  use  wl-/12.  We  are  here  consid- 
ering that  the  men  doing  the  work  are  not  very  bad  men  or 
they  might  use  wl-/I6,  as  I  have  known  a  great  many  to  do.  So 
in  this  competition  we  v;ill  consider  them  all  alike  in  their 
assumption  of  bending  moment  conditions  and  we  will  take  it 
for  granted  they  will  all  use  a  ratio  of  deformation  between 
steel  and  concrete  of  15.  As  a  matter  of  fact  they  Avill  not  all 
do  it  but  we  must  get  somewhere  on  a  common  ground. 

The  accompanying  table  shows  all  the  conditions  in  de- 
tail so  we  will  consider  them  one  by  one. 

One  designer  who  wants  to  be  honest  assumes  for  his 
weight  the  smn  of  the  dead  and  live  loads,  and  after  several 
trials  gets  a  slab  seven  inches  thick.  He  assumes  a  fiber  stress 
of  16,000  lbs.  in  the  steel  and  of  700  lbs.  in  the  concerte.  He 
uses  the  straight  line  assumption,  which  is  best  for  buildings 
and  the  safest   generally.     The  table   shows  the   stresses  he 
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gets  under  only  the  dead  load  as  well  as  under  the  dead  and 
live  load.  .  The  cost  of  this  floor  (exclusive  of  form  work) 
is  Jr"0.227  per  square  foot.  The  weight  of  a  square  panel  is 
23,400  lbs.  which  is  to  be  carried  by  each  column. 
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On  the  straight  line  theory  it  is  absolutely  wrong  to  figure 
ultimate  values  in  steel  and  in  concrete,  yet  it  is  often  done. 
The  second  man  multiplies  his  live  load  by  four,  adds  the  dead 
load  and  uses  the  ultimate  strength  of  the  steel,  64,000  lbs. 
per  sq.  in.,  and  the  ultimate  (assumeil)  strength  of  the  con- 
crete, 3,000  lbs.  He  gets  a  fiber  stress  of  20,000  lbs.  in  his 
steel  under  the  dead  and  live  load,  and  a  fiber  stress  in  his 
concrete  of  940  lbs.  The  cost  of  this  floor  without  form  work, 
will  be  $0,187  per  sq.  ft.  and  the  weight  carried  to  eacli  column 
will  be  18,350  lbs. 

The  third  man  does  not  believe  in  figuring  ultimate  values 
on  the  straight  line  basis  yet  he  does  not  like  to  figure  in  all 
his  dead  load.  He  therefore  assumes  a  fiber  stress  of  16,000 
lbs.  in  his  steel  and  800  in  his  concrete,  takes  half  the  dead 
load,  plus  the  live  load  and  gets  an  actual  stress  in  his  steel  of 
17,700  lbs.  and  in  his  concrete  of  890  lbs.  under  the  combined 
dead  and  live  load,  instead  of  the  fiber  stresses  assumed. 

The  fourth  man  is  a  college  boy  just  out  of  school  and 
very  anxious  to  do  things  up  right.  He  a.s.sumes  four  times 
the  sum  of  the  dead  and  live  load  and  uses  the  parabolic  theory 
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of  stress.  His  assumption  for  the  steel  is  leased  on  the  steel 
being  stressed  to  two-thirds  the  elastic  limit  and  the  concrete 
to  two-thirds  its  ultimate  strength.  The  elasic  limit  of  his 
steel  is  60,000  lbs.  so  he  uses  40,000  lbs.  The  ultimate  strength 
of  the  concrete  he  assumes  at  3,000  lbs.,  so  he  uses  2,000  lbs. 
An  examination  of  the  tabulated  results  will  show  how  much 
chance  he  has  to  win  out  in  a  contest  for  competitive  designs. 

The  fifth  man  is  wiser  and  designs  also  by  the  parabolic 
method  but  assumes  the  ultimate  strength  of  the  steel  at  64,000 
lbs.  and  the  ultimate  strength  of  the  concrete  at  3,000  lbs.  He 
assumes  once  the  dead  load  plus  four  times  the  live  load.  The 
table  shows  the  results  obtained. 

It  may  be  stated  here  that  the  parabolic  theory  calls  for 
more  steel  than  the  straight  line  theory  so  that  the  steel  and 
concrete  theoretically  should  fail  together.  The  straight  lin.' 
theor.y  gives  a  more  rigid  construction  and  therefore  better  for 
moving  loads  while  the  excess  of  concrete  permits  some  de- 
flection to  show  long  before  the  point  of  ultimate  failure  is 
reached. 

There  might  have  been  some  other  common  assumptions 
mentioned.  Sometimes  the  specifications  call  for  a  test  load. 
Tf  this  load  is  ridiculously  low.  as  it  often  is,  the  designer  will 
ignore  the  factor  of  safety  clause.  You  will  find  him  design- 
ing so  that  the  test  load  will  stress  the  steel  to  about  ninety- 
five  per  cent  of  the  elastic  limit  and  the  concrete  to  about 
three-fourths  its  assumed  ultimate  strength.  Sometimes  the 
designer  will  ignore  the  elastic  limit  and  design  so  that  the 
test  load  will  stress  the  steel  to  three-fourths  of  its  ultimate 
strength  and  the  concrete  to  about  ninety-five  per  cent  of  its 
assumed  ultimate  strength.  Instances  have  been  known  of 
some  panels  being  specially  constructed  for  the  test  load  and 
in  some  way  during  the  progress  of  the  work  the  superin- 
tendent will  have  his  attention  directed  to  that  panel  in  a  man- 
ner that  will  make  him  select  it  as  the  one  to  be  tested. 

While  the  foregoing  assumptions  give  much  food  for 
thought  remember  that  we  have  not  gone  far  from  a  common 
stress  in  the  steel  whereas  designers  are  very  free  in  their 
stress  assumptions.  I  have  had  to  check  over  plans  where  the 
steel  stress  was  over  30,000  lbs.,  although  the  specifications 
called  for  half  of  that;  and  in  which  the  concrete  stress  was 
over  2000  lbs.,  although  the  specifications  set  800  lbs.  as  a  limit. 

I  have  had  to  check  over  plans  where  the  architect  speci- 
fied fibre  stresses  of  16000  lbs.  in  the  steel,  and  650  lbs.  in  the 
concrete  with  a  ratio  of  deformation  of  15.  where  the  man 
who  secured  the  contract  took  the  dead  load  plus  four  times 
the  live  load,  divided  them  by  four  and  then  used  the  stresses 
called  for.     The  live  load  in  one  case  I  remember  was  100  Ib.s. 
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per  in{.  ft.  hut  under  the  Hssumptiuus  made  hy  the  designer  the; 
live  load  was  only  a  little  over  thirty  pounds  per  sq.  ft.  when 
these  stresses  were  reached,  for  the  dead  load  was  high. 

The  only  way  to  get  honest  competitive  designing  is  for 
the  architect  to  state  exactly  what  he  wants  and  see  that  he 
get  it.  To  get  away  from  the  dishonest  and  ridiculous  habit 
of  assuming  a  slab  to  weigh  only  half  it  actually  Aveighs  there 
should  be  a  clause  to  the  effect  that  the  floor  and  beams  sup- 
porting it  shall  weigh  not  to  exceed  two-thirds  the  live  load 
and  preference  will  be  given  to  the  plan  providing  a  floor  that 
weigihs  not  to  exceed  one-half  the  live  load.  Then  when  the 
designer  gets  to  work  he  will  add  fifty  per  cent  to  the  live  load 
and  equate  for  span. 

Let  W  =  total  load  on  the  span,  per  foot  wide. 

1     =  span. 

M  =  bcmding  moment  =  resisting  moment  =  Rbd- 
then 

1  =  V  8M-^-W  for  freely  supported  beams  or  sla))s. 


1  =  VlOM-^W  for  partially  constrained  slabs. 

l  =  V12M-f-W  for  constrained  slabs. 

When  the  OAvner  understands  that  the  long  clear  spans  he 
likes  so  well  cost  money  and  that  they  make  a  building  not  so 
rigid  as  one  having  short  span  floors  and  roofs  and  that  the 
extra  weight  added  means  increased  expense  for  columns,  walls, 
and  footings,  he  can  be  led  away  from  the  present  craze  for 
long  spans  and  no  beams  or  girders.  If  he  does  not  like  the 
appearance  of  the  beam  work  he  can  conceal  it  by  putting  in 
suspended  ceilins^s  thus  giving  him  a  building  easier  to  warm 
and  allowing  him  better  facilities  for  running  piping  and 
wires. 

A  curious  thing  in  connection  with  this  long  span  work 
in  ordinary  buildings  is  the  resonance  observed.  In  manufac- 
turing establishments  and  warehouses  this  has  not  been  noticed 
much  but  when  the  idea  has  been  carried  out  in  ordinary  build- 
ings it  has  been  annoying.  In  some  cases  the  defect  has  been 
cured  by  hanging  a  false  ceiling  underneath  the  obnoxious 
solid  floor  and  in  some  cases  false  beams  have  been  put  in 
hallways. 

The  examples  given  are  of  a  very  simple  case.  The  matter 
might  have  been  quite  different  in  appearance  if  we  had  se- 
lected a  live  load  of  more  than  one  hundred  pounds  or  of  less 
than  one  hundred  pounds.  There  would  have  been  quite  a 
difference  also  if  the  spans  selected  had  been  different.  The 
bending  moment  varies  with  the  square  of  the  span  and  not 
directly  as  the  span. 
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The  formulas  by  which  the  calculatioiLs  were  made  are  to 
be  found  in  Turneaure  &  Maurer's  ''Principles  of  Reinforced 
Concrete  Construction."  In  all  cases  the  steel  and  concrete 
stresses  tabulated  have  been  figured  by  straight  line  methods. 
Case  4  involving  the  elastic  limit  and  a  percentage  of  the  ulti- 
mate strength  of  the  concrete  was  figured  by  the  parabolic 
method  to  obtain  d,  j,  and  k  and  the  per  cent  of  steel.  Case  5 
where  the  ultimate  strength  of  both  steel  and  concrete  entered 
into  the  matter  was  figured  by  Talbot's  flexure  formulas  to 
obtain  j,  k,  d  and  the  per  cent  of  steel.  The  reason  for  giving 
the  steel  and  concrete  stresses  in  the  table  according  to  straight 
line  theory  was  that  only  working  stresses  were  considered  and 
up  to  about  one-third  the  ultimate  strength  of  the  concrete 
the  difference  between  the  straight  line  and  parabolic  theory 
is  small. 

It  is  not  so  very  long  ago  that  nearly  all  practical  super- 
intendents of  construction  stopped  all  work  directly  over  the 
beams  where  no  bending  moment  exists  and  where  there  is  no 
shear. 

This  is  no  longer  done  for  it  happened  the  work  stopped 
just  where  there  is  the  biggest  tangle  of  steel  and  good  joints 
were  hard  to  obtain.  Experiments  were  made  and  it  was  found 
that  it  is  immaterial  where  the  work  is  stopped  as  long  as  per- 
fect joints  are  made.  Some  men  stop  in  the  center  where  there 
is  no  shear  but  there  the  bending  moment  is  a  maximum.  It 
is  no  doubt  best  to  stop  somewhere  on  the  beam  or  slab  where 
neither  shear  nor  moment  are  a  maximum  or  a  minimum  but 
about  where  the  matter  will  be  equalized. 

The  slal)  on  top  of  a  beam  might  readily  be  used  as  a  part 
of  the  beam  thus  giving  us  what  is  called  a  "T"  beam  sec- 
tion. Owing  however  to  the  joint  trouble  many  engineers  ob- 
jected seriously  to  T  beams.  Now  however,  that  we  can  make 
joints  anywhere  it  is  best  to  use  T  beams  in  all  cases,  provided 
they  are  poured  at  the  same  time  as  the  slab, 

The  first  thing  to  select  in  a  T  beam  is  the  depth  as  this 
is  often  a  big  factor  in  head  room,  etc.  Having  selected  the 
depth  we  can  figure  out  the  width.  If  the  slab  is  not  less  than 
one-fifth  the  total  depth  of  the  beam  assumed,  we  can  make  a 
T  section  of  it  by  having  the  narrow^  stem  just  wide  enough  to 
contain  the  steel.  The  amoiuit  of  steel  is  the  percentage  ob- 
tained by  the  assumed  depth  mutiplied  by  the  width  found. 
Thus  wliile  the  steel  percentage  might  be  about  one  per  cent 
still  compared  with  the  size  of  beam  actually  obtained  it  might 
be  three  or  four  per  cent. 

The  width  should  not  exceed  one-third  the  span  of  the 
beam  and  should  not  exceed  eight  times  the  thickness  of  the 
slab  plus  the  thickness  of  the  stem  enclosing  the  steel. 
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Thus  we  see  that  ordinary  beam  formulas  may  be  used  for 
designing  T  beams.  Turneaure  &  Maurer  give  an  excellent 
treatment  of  T  l)eams.  The  tests  of  Professor  Talbot  showed 
that  practically  no  limit  can  be  set  for  width  except  that  the 
wider  the  beam  the  greater  the  deflection  and  of  course  the 
question  of  shear  is  very  important  where  the  slab  and  stem  join. 

I  recommend  thi-  following  specification  as  one  to  recom- 
mend to  architects  when  sending  out  plans  for  competitive 
designing: 

"Designers  for  the  reinforced  concrete  portion  of  this 
building  shall  be  held  strictly  to  the  following  specifications: 

The  ratio  of  deformation  between  steel  and  concrete  shall 
be  15.  The  steel  fiber  stress  shall  in  no  case  exceed  one-third 
the  elastic  limit  of  the  steel  and  a  maximum  fiber  stress  shall 
be  20.000  lbs.  per  sq.  inch,  even  if  this  limit  is  less  than  one- 
third  the  elastic  limit. 

Concrete  in  beams  and  slabs  shall  be  stressed  in  the  most 
remote  fiber  from  the  neutral  axis  not  to  exceed  the  following : 
The  best  broken  stone  or  washed  gravel  concrete  mixed  wath 
one  part  Portland  cement,  two  parts  clean  coarse  sand,  four 
parts  clean  broken  stone  or  washed  gravel,  not  to  exceed  750 
lbs.  per  sq.  inch.  Such  concrete  tested  in  12-inch  cubes  at 
the  end  of  28  days  must  show  a  strength  of  not  less  than  2500 
lbs.  per  sq.  inch.  Concrete  made  of  ready  mixed  bank  gravel 
or  of  a  1 — 3 — 5  liroken  stone  or  gravel,  and  testing  not  less 
than  2000  lbs.  in  12-inch  cubes,  at  the  end  of  28  days  can  be 
used  with  a  fiber  stress  of  not  to  exceed  600  lbs.  per  sq.  inch. 
Cinder  concrete  made  of  a  one  to  seven  mixture  of  clean 
washed  screened  cinders  can  be  designed  with  a  fiber  stress 
not  exceeding  250  lbs.,  with  a  ratio  of  deformation  between 
the  steel  and  concrete  of  30.  Concrete  in  columns  reinforced 
with  longitudinal  rods  or  bars  shall  be  stressed  not  to  exceed 
500  lbs.  per  sq.  inch.  Columns  reinforced  with  wire  or  fabric 
having  the  same  hooping  effect  as  wire  may  be  designed  so 
the  concrete  may  be  stressed  in  compression  not  to  exceed 
1000  lbs.  per  sq.  inch.  No  column  reinforced  only  with  longi- 
tudinal rods  or  bars  can  contain  more  than  three  per  cent  of 
reinforcement.  There  shall  not  be  more  than  five  per  cent  of 
longitudinal  reinforcement  in  wound  or  hooped  columns  and 
the  wrapping  or  hooping  shall  never  be  less  in  amount  than 
the  longitudinal  reinforcement  Columns  reinforced  with  longi- 
tudinal bars  or  rods  must  have  the  same  tied  together  at  in- 
tervals not  greater  than  their  distance  apart,  with  wire  not 
smaller  than  a  ten  gauge.  No  deformed  or  twisted  steel  can 
be  used  in  columns.     No  columns  can  be  made  of  cinder  con- 
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erete.  No  I)roken  l)rifk  or  burnt  clay  will  be  permitted  in  re- 
inforced concrete  Avork,  unless  it  is  used  under  the  sppcifica- 
tions  for  cinder  concrete. 

For  one  span  slabs  shall  have  a  bending  moment  figured 
as  wP/S.  For  two  and  three  spans  wP/lO  and  for  more  than 
three  spans  wl-/12.  Beams  and  girders  shall  never  be  figured 
other  than  as  freely  .supported  with  M  =  wl-/8.  Panels  per- 
fectly square  may  he  considered  as  having  M  =  wl-/20  but 
for  panels  having  one  side  longer  than  the  other  and  where 
the  proportion  of  Avidth  to  length  is  less  than  1.5  may  be  cal- 
culated as  follows :  Let  r  =  proportion  of  load  carried  by  the 
sides. 

L  =  length  of  panel. 
B  =  breadth  of  pamd. 
L^ 

then         r    =^  

L^  -f  B^ 

Having  found  the  proportion  of  load  to  go  each  way  use 
wl-/12  to  obtain  bending  moment.  In  all  cases  where  the  mo- 
ment is  figured  for  other  than  freely  supported  spans  there 
must  be  adequate  reinforcement  provided  for  reverse  bending 
moments  at  supports.  All  beams  and  girders  must  be  rein- 
forced over  .suports  for  negative  bending  moments.  Proper 
reinforcement  for  internal  and  web  stresses  must  be  provided 
in  all  cases  where  such  stresses  may  exist. 

Safe  superimposed  loads  shall  be  as  per  the  schediile  here- 
to attached.  All  the  live  load  and  dead  load  on  the  roof  must 
be  carried  to  the  columns.  For  the  first  floor  below  the  roof 
the  dead  load  must  all  go  to  the  columns  but  the  live  load  may 
be  reduced  five  per  cent.  The  live  load  on  each  succeeding 
lower  story  may  be  reduced  an  additional  five  per  cent  until  a 
floor  shall  be  reached  where  the  proportion  of  live  load  carried 
to  the  columns  is  fifty  per  cent  after  which  only  fifty  per  cent 
of  the  live  load  on  the  floors  below  shall  be  considered  as 
going  to  the  columns. 

Beams  shall  carry  the  full  dead  and  live  load  but  girders 
may  be  designed  to  carry  all  the  dead  load  plus  eighty-five 
per  cent  of  the  live  load  except  in  storage  warehouses. 

Thirty  days  after  the  forms  are  removed  the  superinten- 
dent may  have  the  floors,  or  any  portion  of  them,  tested  with  a 
load  that  shall  be  equal  to  twice  the  live  load  plus  the  dead 
load  and  after  said  load  has  been  in  place  twent.y-four  hours 
the  deflection  shall  not  exceed  1/900  of  the  span." 

If  we  could  prevail  upon  all  architects  over  the  country 
to  put  these  requirements  into  the  specifications  they  send 
out,  the  effect  upon  reinforced  concrete  design  would  be  bene- 
ficial. 


